Heterocycle Synthesis from Quinols by Wu, Jing
City University of New York (CUNY) 
CUNY Academic Works 
All Dissertations, Theses, and Capstone 
Projects Dissertations, Theses, and Capstone Projects 
5-2019 
Heterocycle Synthesis from Quinols 
Jing Wu 
The Graduate Center, City University of New York 
How does access to this work benefit you? Let us know! 
More information about this work at: https://academicworks.cuny.edu/gc_etds/3269 
Discover additional works at: https://academicworks.cuny.edu 
This work is made publicly available by the City University of New York (CUNY). 
Contact: AcademicWorks@cuny.edu 
HETEROCYCLE SYNTHESIS FROM QUINOLS 
by 
JING WU 
A dissertation submitted to the Graduate Faculty in Chemistry in partial fulfillment of the 







HETEROCYCLE SYNTHESIS FROM QUINOLS 
by 
Jing Wu 
This manuscript has been read and accepted for the Graduate Faculty in Chemistry 
in satisfaction of the dissertation requirement for the degree of Doctor of 
Philosophy. 
Date Shengping Zheng 
Chair of Examining Committee 





David R. Mootoo 
THE CITY UNIVERSITY OF NEW YORK 
iii
ABSTRACT 
Heterocycle Synthesis from Quinols 
by 
Jing Wu 
Advisor: Shengping Zheng 
Three cascade reactions that provide access to various heterocyclic skeletons from quinols were 
developed. The method for the formation of a variety of substituted 1-hydroxyacridones was 
realized in a one-pot carbamation/Michael addition/Claisen Condensation/decarboxylation 
sequence in moderate to excellent yields (41-96%), shown in chapter one. The approach to 
construct substituted 4-hydoxycarbazoles was realized through a 
carbamation/Michael/palladium-catalyzed enolate-aryl coupling/aromatization cascade in good 
to quant. yields. This methodology was also applied to a short total synthesis of carbazomycin B, 
shown in chapter two. The protocol of rapid one-pot synthesis of 4-hydroxy-indolin-3-ones from 
coupling reaction of quinols and isocyanato-methylesters via Lewis acid-mediated 
carbamation/Michael addition/mixed Claisen condensation/decarboxylative aromatization 
cascade is described in chapter three. This sequential transformation provides various indolin-3-
ones with good overall yields (43-91%). 
There was also a side reaction discovered from the oxidative dearomatization of phenols to 
quinols shown in chapter four. The transformation afforded iodo diaryl ethers in one-step from 
commercial phenols, through an intricate reaction pathway, albeit in low yields. 
iv
The short total synthesis of jaboticabin was realized in nine linear steps from commercial 
phloroglucinol and 3,4-dihydroxybenzoic acid, shown in chapter five. The in vivo studies are 
undertaken with the sufficient supplies of this synthetic natural product. 
v
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Multiple bond-forming tandem reactions, constitute an attractive area of synthetic organic 
chemistry, have drawn great attention for decades and have been constantly explored 
because of the efficiency and utility in the construction of structural intricate molecules. For 
quickly building complexity into biologically important substances, and possibly developing 
“one-pot” sequences, the design of the starting material usually sets the foundation for any 
tandem process because it must be suitable for multi-step transformation and should be 
easily accessible and stable. para-Quinols (4-alkyl-4-hydroxy-2,5-cyclohexadienones), 
despite their simplicity, are ideal in this context, since they present rich electrophilic and 
nucleophilic sites and are readily synthesized in one step from oxidative dearomatization of 
commercial phenols (Scheme 1).  
 
Scheme 1. p-Quinols as synthetic building blocks 
A wide range of transformations have been developed under both transition-metal 
catalysts and organocatalysts in the past several decades. In addition to the well-known 
cyclohexadienone-phenol rearrangement,1-3 there have been reported intramolecular 
Michael reaction, which was realized under both transition-metal catalysts and 
organocatalysts (Scheme 2),4-14 organocatalyzed Rauhut-Currier (Scheme 3),15-19 Diels-
Alder (Scheme 4A),20-22 Stetter (Scheme 4B),23-25 Heck reactions (Scheme 4C),26-27 
transition-metal catalyzed intra- (Scheme 5)3, 28-30 and intermolecular cycloadditions 
(Scheme 6),31-44 and metal-free cycloaddition under either photo- (Scheme 7A)45-47 or 
thermo- conditions (Scheme 7B).48-52 Cyclizations initiated by the tertiary alcohol moiety of 
the quinol have also been showcased (Scheme 8).1, 53-67 Several total syntheses on bioactive 
natural product have also been reported, either starting with quinols,68-77 or applying the 
above methods and dearomatization of phenols in key steps.78-89 The listed references do 
2
not represent a comprehensive survey of the literature, but rather highlight a variety of 
strategies developed on building the structural complexity from quinols using multiple steps 
transformations. Where possible, duplication the content of Pettus’s seminal review90 was 
tried to be avoided.
Scheme 2. Asymmetric intramolecular Michael reaction from 2,5-cyclohexadienones 
3
Scheme 3. Asymmetric Rauhut-Currier reaction from 2,5-cyclohexadienones 
Scheme 4. Asymmetric catalytical reaction from 2,5-cyclohexadienones 
(A) Asymmetric Diels-Alder reaction and (B) Asymmetric Stetter reaction 
from 2,5-cyclohexadienones (C) Heck reaction from 2,5-cyclohexadienones
4
Scheme 5. Transition-metal catalyzed intramolecular cycloaddition from quinoids 
5
Scheme 6. Transition-metal catalyzed intermolecular cycloaddition from quinoids 
6
Scheme 7. Cycloaddition of quinoids under photo-, thermal condition 
(A) Intramolecular photocycloaddition and (B) Lewis acid or organo- catalyzed 
inter- or intramolecular cyclization under thermal condition from quinoids 
7
Scheme 8. Cyclization initiated by the tertiary alcohol moiety of the quinol 
In our laboratory, we have developed an efficient stereoselective and chemoselective 
synthesis of bicyclic oxazolidinones from quinols in good to excellent yields (Scheme 8g),60 
where in the one step oxidation of commercial phenols I to obtain quinols II,91-93 under our 
8
revised condition, iodo diaryl ether III could form. The coupling of quinols II and isocaynates 
IV provides quick access to the highly functionalized heterocycles in a one-step procedure 
two-step sequence, namely, the quinol II initiated carbamation onto the isocyanates IV 
followed by aza-Michael reaction. These bicyclic oxazolidinones V were designed to serve as 
the key intermediates leading to the more complex bioactive heterocycles such as acridones 
VI, carbazoles VII and pseudo indoxyls VIII (Scheme 9).  
Scheme 9. Transformations to and from p-quinols
The one-pot syntheses of acridones and pseudo indoxyls from quinols are described in 
chapter one and three, respectively; and the synthesis of carbazoles from quinols was 
realized in a two-step procedure, reported in chapter two. The transformation which 
afforded the iodo diaryl ethers in one-step from commercial phenols, albeit in low yields, is 
shown in chapter four.  
9
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Chapter One 
One-Pot Synthesis of 1-Hydroxyacridones 
16
Introduction 
Acridones are a subclass of acridines with a carbonyl group at the 9 position (10H-
acridin-9-one) and are important heterocyclic structures due to their broad spectrum 
of pharmaceutical properties such as anticancer,1-14 antimicrobial,15-17 antiviral,2-3, 10,
18-25 antiparasitic,22, 26-27 anti-proliferative,28 antioxidant,29 and anti-multidrug 
resistant activities.22, 30-32 Moreover, acridone derivatives are used as dyes and 
fluorophores for biological probes.33-39 The semi-planar structure of acridone 
alkaloids makes them feasible to interact with different biomolecular targets and 
attributes to the wide range of biological activities. To date, a number of naturally 
occurring acridone derivatives and their synthetic analogues have been screened for 
a variety of pharmacological activities and used in structure-activity studies.27, 40-41 It 
is remarkable that the anticancer activity of acridone derivatives has been 
categorized according to different mechanism of actions. For example, acronycine, 
isolated in 1949,42-43 has been known for the cytotoxic antitumor activity44-45 since 
1966 (Scheme 1A, a).1-6 A series of acronycine derived natural alkaloids and 
synthetic congeners have been discovered and shown to exhibit cytotoxicity against 
several cell lines. The unique tricyclic planar structure of acridones has been known 
for decades for acting as DNA intercalators (Scheme 1A, b);2, 7-11 a more recent 
study revealed a tetracyclic benzo[b]acronycine analogue could serve as a DNA-
alkylating agent and now is currently undergoing phase I clinical trials (Scheme 1A, 
c);6 Moreover, several acronycine derived natural alkaloids have been tested as 
kinases inhibitors (Scheme 1A, d).12-13 Many synthetic acridone alkaloids have been 
checked for their ability to modulate multidrug resistance (Scheme 1B),22, 30-32 
especially those synthetic analogues showing anti-malarial activities have drawn 
growing interests.22 Another major aspect in potential clinical application of these 
azaheterocycles is that there were both naturally occurring and synthetic molecules 
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found to be selective inhibitors of diverse human pathogenic viruses (Scheme 1C).2-3,
10, 18-25 Acridone alkaloids were also tested to be possible antipsoriatic agents due to 
their anti-proliferative activity against keratinocyte (Scheme 1D),28 as well as leading 
compounds due to anti-oxidant (Scheme 1E)29 and antimalarial activities (Scheme 
1F).27 In addition, these compounds have shown potential in the application of 
synthetic biological fluorescent probes and superior to the others fluorophores 
because acridones are stable to light, heat and air, also easy to handle (Scheme 
1G).33-39 Since the majority of naturally occurring acridones have a hydroxyl group at 
C-1 positon, and both natural 1-hydroxyacridones and the synthetic derivatives
exhibit a wide range of biological applications,40-41 it is of great interest in developing 
synthetic methods that provide quick access to this backbone structure with versatile 
functional groups. 
Scheme 1. Naturally occurring and synthetic bioactive acridones
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The classic route to access acridones is the acid-promoted ring closure of N-
phenylanthranilic acid, reported by Allen and Mckee in 1939,46 where the acid was 
prepared by Ullman-Goldberg condensation of aniline on o-aryl halide, or 
bromobenzene on anthranilic acid (Scheme 2, eq. a). This method has been shown 
to be practical in the construction of various naturally occurring acridone alkaloids 
and their analogs for testing the biological activities and further studying the 
mechanism of action over decades,1, 10, 21, 23, 28-29, 31-32, 47-48 however, there are still 
limitations such as narrow functionalities, harsh conditions, and low efficiency from 
tedious multiple step transformations. Thus efforts have been made on the 
alternative methods to both the Ullman reaction in construction of the C-N bond to 
provide the key intermediate N-phenylanthranilic acid or its acyl derivatives, and acid 
induced annulation to form the following C-C bond. In 1982, Snieckus group reported 
the coupling reaction of o-lithiated benzamides with anilido cuprates to yield 
substituted N-arylanthranilamides, which underwent a Friedel-Crafts acylation to 
transform into acridones (Scheme 2, eq. b).49 Later on, this group further 
demonstrated that N-arylanthranilamides can be made from a strong base-mediated 
N-ortho-Fries rearrangement of N-carbamoyl diarylamines,50-51 although the C-N
bond formation lead to the diarylamine precursor was synthesized using Buchwald 
cross coupling protocol (Scheme 2, eq. c).52 As early as in 1999, Tőke group and 
their collaborators reported a synthetic route to provide three acridone alkaloids, 
where the key intermediate aminobenzoate was constructed by the nucleophilic 
addition of aniline to benzyne, after hydrolysis of the resulting ester, the acid was 
cyclized to give acridone derivatives (Scheme 2, eq. d).53 Ever since Wittig proposed 
the structure of benzyne54 1942, which had confirmed by Roberts in 1956,55 the 
synthetic application of such active species was widely utilized especially after 
Kobayashi’s discovery of a versatile o-triflato silane which serves as the aryne 
precursor under mild condition.56-57 In 2006, Larock group showed potential 
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utilization of aryne in the heterocycles synthesis, specifically, a number of biologically 
interesting heterocycles including eleven acridones were prepared from the reaction 
of silylaryl triflates and o-benzoates, with presence of excess amount of CsF. The 
transformation was suggested to proceed through a tandem intermolecular 
nucleophilic coupling of the benzoate to an aryne followed by an intramolecular 
electrophilic cyclization (Scheme 2, eq. e).58-59 Later in 2012, the same research 
group demonstrated the coupling between arynes and β-lactams to afford N-
arylacridones from the extrusion of ethylene (Scheme 2, eq. f).60 On the other hand, 
in the same year, Deng and co-workers discovered a copper-catalyzed aerobic 
oxidative C-H functionalization and C-C cleavage of 1-(2-
(Phenylamino)phenyl)ethanone and probed mechanism, including substrate control, 
and 13C labeling studies (Scheme 2, eq. g);61 four months later, Fu group disclosed a 
comparable work which showed the same transformation under similar conditions, 
with a more detailed mechanistic proposal. It was postulated that isatin was formed 
as the key intermediate, which after hydrolysis underwent a Friedel-Crafts reaction 
and further oxidation would afford the final product acridone (Scheme 2, eq. h).62 
Interestingly, this reaction pathway was disfavored by the Deng group in their 
previous report that both N-arylanthranilic acid and ester, the hydrolyzed 
intermediates of isatin, didn’t deliver the acridone, and Deng et al. didn’t observe the 
electronic effect favoring electrophilic aromatic substitution. In any event, a parallel 
mechanism regarding the same transformation was proposed by Zhang group in 
2018 that after the formation of isatin63, a cupper catalyzed C-H functionalization 
was followed by a direct intramolecular nucleophilic attack at the ketone, which after 
carbon monoxide extrusion, to afford acridone as the final product (Scheme 2, eq. 
i).64 The highlight of this work was to realize a one-step synthesis of acridones under 
mild condition from commercially available o-aminoacetophenones and 
phenylboronic acids via intermolecular cupper mediated catalytically Suzuki cross 
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coupling, intramolecular oxidative C-H amination, and C-C bond cleavage, although 
with limited substrate scope. A more conclusive mechanism was suggested by Huang 
group in 2016 where the researchers showed both water and base affected the 
transformation pathways.65 Back in 2015, Li and Chen et al. also reported a copper-
catalyzed modular synthesis of acridine derivatives from coupling of o-acylanilines 
and diaryliodonium salt through tandem arylation/Friedel-Crafts acylation. The 
nucleophilic substitution of diaryliodonium salt was described by Scherrer66 and 
Beatty in 1980, which was optimized by Chen et al. to deliver seven mono-
substituted acridones made alongside with twenty-seven acridines which showed a 
broader substrate scope (Scheme 2, eq. j).67 It is worth noting the advantages of 
using an inexpensive metal catalyst (copper) in the aforementioned works, however, 
this C-C bond formation of acyl-substituted diarylamines were also realized in other 
novel methods. For example, in 2013 Yang and co-workers developed a synthetic 
route to N-methyl acridones through scandium-catalyzed intramolecular cross-
dehydrogenative coupling (CDC) of aldehyde; they were able to rule out the 
possibility of C-H activation, and suggest that the active intermediate alcohol was 
formed from the electrophilic aromatic substitution but left the nature of the 
following oxidation step for future study (Scheme 2, eq. k).68 In 2014, Du and Zhao 
et al. reported a metal-free radical protocol in realizing the same transformation 
where stoichiometric amount of iodosobenzene diacetate (PIDA) was reacted with a 
radical initiator to generate the active radical spices, which underwent H-abstraction 
of the aldehyde, the resulting acyl radical proceeded to form the cyclohexadienyl 
radical which subsequently rearomatized to produce N-methyl acridones (Scheme 2, 
eq. l).69  
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Scheme 2. Previous acridone synthesis from intramolecular C-C bond formation 
In comparing with the classic synthetic route to acridone where Ullman-type 
reaction was often applied in order to access the key precursor acyl-substituted 
diarylamines, benzophenones, on the other hand, the key intermediate originally 
proposed in the biogenisis70-71 of acridone alkaloids, also served as alternatives 
leading to the acridone derivatives. In 1972, Lewis et al. reported a manganese (III) 
acetate mediated cyclization of 2-amino-3’-hydroxybenzophenones in very limited 
yields (1-8%).72 In 1979, Gorvin and co-workers demonstrated an aromatic ortho-
nitro group displacement of benzophenones and several 10-arylacridones were 
obtained.73 Later in 1981, Lewis group updated on their synthetic method and 
accomplished a biomimetic synthesis of a natural acridone alkaloid acronycine,71 a 
potent anti-tumor agent, and the cyclization was adopted in the synthesis of twenty-
two acronycine derivatives by Tillequin and co-workers in 2006 for more structural-
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activity relationship studies.6 Moreover, several fluorinated heterocycles including 
acridones were synthesized through repeated intramolecular nucleophilic substitution 
of multi-substituted fluorobenzophenones by Miozzo group74 and Peterson group in 
2011 (Scheme 3, eq. a).38 While traditional transition-metal-catalyzed C-N bond 
formation has been advanced in the past decades, direct amination of C-H bond has 
also been explored to a great extent. The application of cheap copper salts and 
inexhaustible dioxygen as the terminal oxidant in direct intramolecular C(sp2)-H 
amination has been employed in the acridone formation and presented by several 
research groups. For instance, in 2012 Deng group, also Xu and Zhu et al. 
independently developed the method of N-aryl acridones synthesis from 
aminobenzophenones where they both hypothesized the formation of an active 
Cu(III) species under the aid of O2 via an electrophilic metalation and the following 
reductive elimination delivered the desired acridones along with regeneration of Cu(I) 
(Scheme 3, eqs. b and c).75-76 While both research groups stated that more 
mechanistic studies are required to get more insightful knowledge regarding this Cu-
mediated transformation, another work on the same reaction was reported by Cheng 
group at around the same time, where a radical pathway was proposed to account 
for their results on the formation of the side product while exploring the substrate 
scope. Specifically, they concluded that the rearrangement side product was from an 
ipso to ortho migration of the carbonyl group which can be explained through a 
radical cyclization pathway (Scheme 3, eq. d).77 In 2018, Zou and colleagues 
presented a transition-metal-free synthesis of acridone from the same reaction, an 
intramolecular oxidative C-H amination of aminobenzophenones.78 Mechanistically, 
the N-anion intermediate generated from the proton-abstraction by the superbase 
would undergo an intramolecular nucleophilic attack onto the ring to form the 
cyclohexadienone anion which then be deprotonated and transfer two electrons to 
the oxygen to afford the desired N-H and N-substituted acridones (Scheme 3, eq. e). 
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Among those works, Grignard reaction was often applied to give access to the 
alcohol precursor which after oxidation would lead to the benzophenone. While the 
following step of nucleophilic aromatic substitution remains robust, there have been 
new synthetic methods developed on formation of aminobenzophenones in the 
recent years. For example, in 2009 Greaney group presented a one-pot synthesis of 
acridones from an aryne σ-insertion reaction of the aryl amides, where 
aminobenzophenone was obtained from a cyclization-ring opening process of the 
active intermediate (Scheme 3, eq. f).79 In 2011, Larock group reported an update 
on their previous heterocycle synthesis through aryne coupling reaction59 where they 
extended the scope of the coupling partner to 1,1-dimethylhydrazine and 
demonstrated a comparable rearrangement of what was reported by Greaney group, 
this time the dihydroindazole was obtained as the cyclization product and ring-
opening followed by SNAr reaction delivered the desired ketones (Scheme 3, eq. g).
80
In 2015, Jiang group presented a palladium-catalyzed regiodivergent 
multicomponent reaction of aryne, CO, and o-iodoaniline to construct both 
phenanthridinone and acridone alkaloids (Scheme 3, eq. h).81 The chemists 
suggested that the ligands and the release rate of the aryne both contributed to the 
regioselectivity of CO insertion. In 2016, Lei group provided an efficient synthesis of 
acridones through palladium/copper co-catalyzed oxidative double C(sp2)-H 
carbonylation of diarylamines (Scheme 3, eq. i).82 Furthermore, in 2018, Cheng and 
Liu et al. developed an Au(I)-catalyzed Michael addition/6-endo-trig 
cyclization/aromatization cascade to allow access to both benzoxanthone and  
benzoacridone derivatives (Scheme 3, eq. j).83  
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Scheme 3. Previous acridone synthesis from intramolecular C-N bond formation 
A library of various acridones has been built over these decades with a variety of 
functional groups and substituent patterns, however synthesis of multiple substituted 
1-hydroxyacridones is still challenging, for example, the known synthetic route28
(Scheme 4a) to 1-hydroxy-4-alkylacridone is lengthy and low-yielding. We wish to 
report herein a rapid synthesis of substituted 1-hydroxyacridones via a one-pot 
condensation of quinols and ortho-(methoxycarbonyl)phenyl isocyanates (Scheme 
4b). 
Scheme 4. Previous synthetic method and our approach towards 1-hydroxy-4-
methylacridone (a) Previous synthetic route (b) Our synthetic strategy: 
coupling of p-quiniol with isocyanates 
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Quinols are useful building blocks that can be made in one step via 
dearomatization of phenols.84-86 Phenyl isocyanates are important industrial starting 
materials. From our preliminary results in the synthesis of oxazolidinones,87 we 
envisioned that 1-hydroxyacridones could be synthesized from quinols I and 
commercial ortho-methoxycarbonylphenyl isocyanates II via a carbamation/Michael 
addition/mixed Claisen condensation/decarboxylative aromatization sequence 
(Scheme 5a). In our strategy, quinols act as a regiospecifically differentiated 
equivalent of benzynes (Scheme 5b). Compare with substituted benzynes, quinols 
have regiospecificity and easier availability.  
Scheme 5. Strategy for the synthesis of 1-hydroxyacridones (a) Synthetic plan
(b) Quinols: masked regiospecifically differentiated benzyne equivalents 
Results and Discussion 
To test our idea, addition of 0.15 equiv. 1,8-diazabicycloundecene (DBU) to a 
solution of premixed quinol 1a (R=CH3) and commercially available ortho-
(methoxycarbonyl)phenyl isocyanate 2 in cold CH2Cl2 and further reaction at room 
temperature for 1 h resulted in complete consumption of 1a to form the Michael 
addition intermediate 3a (R=CH3), no new spot appeared on the thin-layer 
chromatography (TLC) after stirring 6 h at room temperature or under reflux for 
another 20 h. Eventually, after removal of solvent, addition of 1.1 equiv. Sodium 
methoxide in THF to the reaction mixture at room temperature and refluxing for 6 h 
produced acridone 5a (R=CH3) in trace amount yield and enol 4a (R=CH3) in 42% 
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yield alongside with recovery of 19% of oxazolidinone 3a (R=CH3) (see Table 1 in the 
experimental section). When 4a was treated with DBU and refluxed in toluene (tol), 
5a was obtained in quantitative yield. Structures of 4a and 5a were confirmed by X-
ray diffraction analysis (Figure 1). 
Figure 1. X-ray crystal structures of enol 4a and acridone 5a 
With the initial results in hand, efforts were made on effectively converting 1 to 5 
in a homogeneous one-pot procedure. We set out to optimize the reaction condition 
and the results are summarized in Table 1. When excess amount NaOMe was used 
after formation of oxazolidinone 3a, 79% of 4a was obtained along with 3% acridone 
5a (entry 1). An improvement followed on applying toluene as the solvent (entry 2), 
addition of stoichiometric amount DBU seemed to facilitate the formation of enol 4a 
and the following decarboxylation to afford acridone 5a (entries 3 and 4), microwave 
(µW) radiation provided comparable yield with higher efficiency (entry 5); whereas 
bulkier alkyl substituents resulted in a mixture of enol products and acridones 
(entries 7 and 10). Heating under reflux failed in improving yields even applied 
prolonged reaction time (entries 8 and 11). Optimization led to the use of sealed 
tube at 130 oC for 6 h and approved to be reliable to deliver acridones (entries 6, 9 
and 12).    
4a 5a 
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Table 1. Optimization of the reaction conditions 
entry 
quinol 1, 





% yield of 
5 (4)c 
1d R1 = Me DBU(0.15)/NaOMe(2.2) CH2Cl2/THF r.t./66 reflux (12) 3 (79) 
2 R1 = Me DBU(0.15) tol r.t./111 reflux (12) 44 (trace)e 
3 R1 = Me DBU(1.1) tol r.t./111 reflux (12) 76 (trace)f 
4 R1 = Me DBU(2.2) tol r.t./111 reflux (12) 87 
5 R1 = Me DBU(2.2) tol r.t./115 µW (1) 81 
6 R1 = Me DBU(2.2) tol r.t./130 sealed tube (6) 96 
7 R1 = Et DBU(2.2) tol r.t./115 µW (1) 83 (trace) 
8 R1 = Et DBU(2.2) tol r.t./111 reflux (20) 60 (13) 
9 R1 = Et DBU(2.2) tol r.t./130 sealed tube (6) 95 
10 R1 = Cy DBU(2.2) tol r.t./115 µW (1) 54 (28) 
11 R1 = Cy DBU(2.2) tol r.t./111 reflux (20) 67 (18) 
12 R1 = Cy DBU(2.2) tol r.t./130 sealed tube (6) 83 
a) Reaction was performed at the room temperature till the formation of 3 along with
complete consumption of 1, monitored by TLC. Elevated temperature was then applied with
different heat source. b) Time for transformation of 3 to 4 and 5 under different heat source. c)
Isolated yields of 5 and 4 from silica gel column chromatography purification. Percent yield of
4 is shown in the parentheses. d) 0.15 equiv. DBU was added to a mixture of 1a and 2 in
CH2Cl2 and reaction was monitored by TLC to complete consumption of 1a, after which solvent 
was evaporated under reduced pressure. Two equiv. NaOMe was added to reaction residue in 
THF for further reaction. e) 3a was isolated in 13% yield after silica gel column 
chromatography purification. f) 3a was isolated in 5% yield after silica gel column 
chromatography purification. DBU= 1,8-Diazabicyclo[5.4.0]undec-7-ene, THF= 
Tetrahydrofuran. 
Under the optimized reaction conditions (sealed tube, 130oC, 6 h, Tol) using a 
wide range of quinols, which are readily prepared in one step from commercially 
available phenols20, we explored the scope of this one-pot  acridone synthesis with 
ortho-substituted phenyl isocyanate 2a. Representative results are summarized in 
Table 2. The substituted 1-hydroxyacridones were formed with good to excellent 
overall yields. Noting that both the stereoselectivity and chemoselectivity of the aza-
Michael addition were consistent with what was previously observed in the formation 
of bicyclic oxazolidinones.87 For unsubstituted quinols, the formation of cis-fused 
bicyclic oxazolidinones was followed by dearomatization to deliver the planar 
acridones (entries 1-8). For monosubstituted quinols, the substrates cyclized 
chemoselectively to the unsubstituted double bond as previously reported (entries 9-
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12). Cyclization of bicyclic quinols 1n, 1o, 1p and 1q also followed this pattern 
(entries 14-17), supported by the isolation of 4q in a separated trial (see 
experimental section), although there is obvious reason for quinols 1p and 1q that 
only one double bond presents; whereas quinol 1m exhibited the opposite mode of 
cyclization that the addition happened on the substituted double bond (entry 13). In 
comparing with quinol 1n where the Michael product possesses 6/6/5 fused ring 
structure which can accommodate the unfavored ring strain from the C(sp2)-
hybridization at the bridge head, the tricyclic cyclization product from quinol 1m 
contains 6/5/5 framework which would be energetically more challenging. In reality, 
the molecules cyclized to the substituted double bond to release the ring strain from 
the ideal trigonal geometry with 120 degree bond angles in the C(sp2)-hybridization. 
Tetracyclic intermediates 4r and 4s were isolated (entries 18 and 19) when the alpha 
or beta carbon was blocked by a methyl group so that the reaction stopped at the 
aromatization step. Decarboxylation occurred when the system was over-heated to 
give 3,4-dimethylacridone from 3,4,5-trimethylquinol substrate (see experimental 
section). The subtle stereoelectronic effect which governs the cyclization can be 
further demonstrated in substrate 1t. A methyl ester substituent is a strong electron 
withdrawing group and the electronic effect controlled the cyclization mode in 1t, 
Michael product would perform a mixed Claisen condensation and β-methyl ester is 
lost from the resulting tetracyclic diketo undergoing hydrolysis followed by 
decarboxylation, after further decarboxylative rearomatization side product 5a was 
isolated as the major compound, the desired ester substituted acridone was only 
obtained in trace amount yield (entry 20). These results strongly support the 
proposed transformation. For N-tosyl-p-quinol imine 1u, the titled tandem reaction 
also performed very well (entry 21). 
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Table 2. Substrate scope of p-quinol 
a) All isolated yield after silica gel column chromatography purification. b). Yields obtained
from separated trials.
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We further investigated the substrate scope of this reaction in terms of the 
substituted phenyl isocyanates. To this end, commercial anilines were transformed 
into the corresponding isocyanates, which were trapped with the quinol 1b to furnish 
the transformation of acridone. A typical procedure involved the reaction of 
trisubstituted aniline with 0.4 equiv of triphosgene in a mixture of saturated aqueous 
NaHCO3 and CH2Cl2 in an ice bath for 1 h followed by the appropriate workup, then 
addition of quinol 1b and DBU in toluene under the protocol described above. The 
reaction proceeded smoothly to afford the acridones in good overall yields after 
standard workups (Scheme 6, also see experimental section, method C). 
Scheme 6. Substrate scope of isocyanates 
We had a preliminary screening of the antiviral activity of some 1-
hydroxyacridones synthesized using this method. It is found that they exhibited anti-
HMCV activity at uM concentrations.  
In summary, we have developed a highly efficient synthetic pathway of acridones 
from a wide range of quinols in good to excellent yields. This one-pot process 
represents a direct and practical method to construct the substituted 1-
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hydoxyacridones from commercially available phenols via a carbamation/Michael 
addition/mixed Claisen condensation/decarboxylative aromatization Cascade. During 
this process, quinols act as a traceless benzyne equivalent. More work on the 




All reactions were carried out under dry nitrogen in oven-dried glassware, unless the 
procedure states otherwise. Anhydrous methylene chloride (CH2Cl2) was distilled 
from phosphorus pentoxide, toluene (tol) was distilled from sodium, and 
tetrahydrofuran (THF) was distilled from sodium under nitrogen atmosphere. All 
reactions were performed under nitrogen protection and gas exchange was done with 
a nitrogen balloon and house vacuum. Reagents purchased from commercial sources 
were used as received or synthesized following literature procedures were 
recrystallized if it was applicable. Reactions were monitored by thin-layer 
chromatography (TLC) which was developed on Silicycle SiliaPlate TLC glass backed 
plates with pre-coated silica gel 60 bearing an F-254 UV indicator and visualized by 
exposure to ultraviolet light or stained with ceric ammonium molybdate followed by 
heating on a heat gun. Preparative thin-layer chromatography (prep TLC) was done 
on the same TLC plates with the proper thickness. Column chromatography was 
performed over silica gel with porosity of 60 angstrom and particle size of 40-63 
microns. 1H and 13C NMR spectra were recorded on Bruker 400, 500 and 600 MHz 
spectrometers. Chemical shifts (δ values) were reported in ppm downfield from 
internal residual solvent peaks. Mass spectrometric data were measured by the late 
Dr. Cliff Soll and Dr. Barney Yoo at Hunter College mass spectrometry facility and 
taken on an Agilent 6520A Q-TOF spectrometer using electrospray ionization. The X-
ray crystallography experiments were performed on Bruker Kappa X8 Apex II 
diffractometer by Dr. Michelle Neary at Hunter College X-ray facility and Bruker AXS 
Smart Apex II single crystal diffractometer by Dr. Chunhua Hu at Department of 
Chemistry, New York University. Microwave reactions were conducted on CEM 
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Discover SP reactor. Infrared spectra were collected on Thermo Nicolet IR100 
spectrometer.  
Experimental procedures and analytical data 
1. Synthesis of p-quinols
Known quinols were prepared according to the literature procedures.84-89 For the
reported spectral data, see: 1a – 1d,84 1e87, 1f-1h,86 Urbano’s85 work for 1i, 1j, 1k, 
1m, 1p and 1r; 1l,88 1q.89 
Scheme 7. Synthesis of p-quinols from oxidation of commercial phenols with PIDA or 
PIFA 
General procedure for the synthesis of p-quinols 1k, 1m, 1o, 1t. Method 
A. A solution of the corresponding alkylphenol S1 (1 equiv) in MeCN/H2O (3:1) was
cooled to 0oC in an ice bath, phenyliodine(III) diacetate (PIDA) (1.5 equiv) was 
added in small portions. The reaction mixture was stirred at 0oC until fully 
consumption of the starting material (monitored by TLC), then diluted with EtOAc, 
quenched with saturated aq. NaHCO3 and the layers were separated. The aqueous 
layer was extracted three times with EtOAc. The organic layers were combined and 
washed with water, brine, dried over Na2SO4, then concentrated in vacuo. The 
residue was purified by silica gel flash column chromatography to provide the desired 
product. 
4-hydroxy-4-isopropyl-3-methylcyclohexa-2,5-dien-1-one (1k)
56% yield, colorless needle-like crystals. Rf = 0.2 (EtOAc : hexane = 
1:4); m.p. = 65-69 °C; 1H NMR (500 MHz, CDCl3) δ 6.74 (d, J = 10.2
Hz, 1H), 5.98 (dd, J = 10.2, 1.6 Hz, 1H), 5.81 (s, 1H), 4.24 (br s,  1H), 1.97 (s, J = 
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6.8 Hz, 1H), 1.85 (s, 3H), 0.98 (d, J = 7.1 Hz, 3H), 0.48 (d, J = 7.0 Hz, 3H); 13C 
NMR (125 MHz, CDCl3) δ 186.4, 163.9, 150.3, 128.9, 126.9, 74.5, 35.3, 18.1, 16.9, 
16.7; HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for C10H14O2: 167.1067, found:
167.1062; [M+Na]+ calc’d for C10H12O2: 189.0886, found: 189.0882.
7a-hydroxy-1,2,3,7a-tetrahydro-5H-inden-5-one (1m) 
44% yield, white solid. Rf = 0.2 (EtOAc : hexane = 1:2); m.p. = 74-
77 °C; 1H NMR (600 MHz, CDCl3) δ 6.98 (d, J = 10.0 Hz, 1H), 6.01 (d, J
= 10.0 Hz, 1H), 5.90 (s, 1H), 3.07 (br s, 1H), 2.87 (t, J = 14.3 Hz, 1H), 2.46-2.41 
(m, 1H), 2.26-2.18 (m, 1H), 2.04 (dd, J = 8.0, 13.4 Hz, 1H), 1.94-1.88 (m, 1H), 
1.59-1.54 (m, 1H); HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for C9H10O2: 151.0754,
found: 151.0755. 
7-hydroxy-7-methyl-1,2,3,7-tetrahydro-4H-inden-4-one (1o)
66% yield, white solid. Rf = 0.2 (EtOAc : hexane = 1:2); m.p. = 48-
51 °C; 1H NMR (500 MHz, CDCl3) δ 6.80 (d, J = 9.9 Hz, 1H), 5.95 (d, J
= 9.9 Hz, 1H), 3.19 (br s, 1H), 2.83-2.77 (m,  1H), 2.66-2.59 (m, 1H), 2.53 (t, J = 
7.5 Hz, 2H), 1.99-1.83 (m, 2H), 1.38 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 185.4,
165.7, 153.5, 136.6, 127.4, 68.1, 32.7, 29.8, 25.8, 21.8; HRMS (ESI/Q-TOF) m/z: 
[M+H]+ calc’d for C10H12O2: 165.0910, found: 165.0909.
methyl 3-hydroxy-3-methyl-6-oxocyclohexa-1,4-diene-1-
carboxylate (1t)90 
54% yield, white solid. Rf = 0.4 (EtOAc : hexane = 1:1); 1H NMR 
(500 MHz, CDCl3) δ 7.44 (d, J = 3.06 Hz, 1H), 6.84 (dd, J = 10.1, 3.1 Hz, 1H), 6.03 
(d, J = 10.1 Hz, 2H), 3.76 (s, 3H), 3.71 (br s,  1H), 1.46 (s, 3H); 13C NMR (125 MHz, 
CDCl3) δ 181.6, 164.9, 157.5, 151.7, 129.2, 127.4, 67.2, 52.7, 26.8; HRMS (ESI/Q-
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TOF) m/z: [M+H]+ calc’d for C9H10O4: 183.0652, found: 183.0649; [M+Na]
+ calc’d
for C9H10O4: 205.0471, found: 205.0471. 
1-hydroxy-4-oxocyclohexa-2,5-diene-1-carbaldehyde
Method A was followed, and 2 eq PIDA was added. 37% yield, white solid. 
8% yield of 7-3. 15% yield for 8-3. s1H NMR (400 MHz, CDCl3) δ 9.87 (s,
1H), 7.82 (d, J = 8.7 Hz, 2H), 6.97 (d, J = 8.5 Hz, 2H), 5.96 (br s,  1H); 
13C NMR (100 MHz, CDCl3) δ 191.4, 161.7, 132.8, 130.4, 116.3. 
4-(tert-butyl)-4-hydroxycyclohexa-2,5-dien-1-one 
Rf = 0.4 (EtOAc : hexane = 1:2); 1H NMR (500 MHz, CDCl3) δ 6.92 (dd,
J = 10.4, 2.8 Hz, 2H), 6.10 (dd, J = 10.4, 2.8 Hz, 2H), 2.96 (br s,  1H), 
0.94 (s, 9H); 13C NMR (125 MHz, CDCl3) δ 186.1, 151.6, 128.9, 74.0, 39.1, 25.6.
methyl 1-hydroxy-4-oxocyclohexa-2,5-diene-1-carboxylate 
Oxzone was applied as the oxidant; Method C from carbazole 
synthesis was followed. 46% yield, colorless needle-like crystals. Rf = 
0.3 (EtOAc : hexane = 1:2); 1H NMR (500 MHz, CDCl3) δ 6.72 (d, J =
10.1 Hz, 2H), 6.34 (d, J = 10.1, 1.6 Hz, 1H), 3.90 (br s,  1H), 3.82 (s, 3H); 13C 
NMR (125 MHz, CDCl3) δ 185.1, 172.1, 145.1, 130.6, 71.9, 54.9. 
2. Synthesis of N-tosyl imine quinol 1u
Scheme 8. Synthesis of N-tosyl imine quinol 1u from commercial aniline S2 
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N-(4-ethylphenyl)-4-methylbenzenesulfonamide (s3)91 
To a solution of 4-ethylaniline S2 (1 g, 8.25 mmol) in methylene chloride 
(20 ml) at 0oC was added tosyl chloride (1.73 g, 9.08 mmol) and pyridine 
(0.65 g, 8.25 mmol). The reaction mixture was warmed to ambient temperature and 
stirred until the complete consumption of aniline, monitored by TLC analysis. The 
reaction was diluted with CH2Cl2 (15 ml), quenched by saturated aq. NaHCO3 (20 ml) 
and layers were separated. The aqueous layer was extracted with CH2Cl2 (3 x 10 ml). 
The organic layer was combined and washed with water (20 ml), brine (20 ml), dried 
over Na2SO4, then concentrated in vacuo. The residue was washed and filtered with 
methylene chloride/hexane (10 : 1) to provide N-tosyl benzene S3 (1.8 g, 6.5 mmol, 
79%) as a white solid. Rf = 0.8 (EtOAc : hexane = 1:2); m.p. = 90-93 °C; 1H NMR 
(500 MHz, CDCl3) δ 7.62 (d, J = 8.3 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 7.06 (d, J = 
8.4 Hz, 2H), 6.96 (d, J = 8.4 Hz, 2H), 6.40 (br s, 1H), 2.57 (q, J = 7.6 Hz, 2H), 2.38 
(s, 3H), 1.18 (t, J = 7.6 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 144.1, 142.2, 136.6,
134.2, 129.9, 129.0, 127.6, 122.8, 28.6, 21.9, 15.8.  
N-(4-ethyl-4-hydroxycyclohexa-2,5-dien-1-ylidene)-4-
methylbenzenesulfonamide (1u) 
To a solution of crude N-(4-ethylphenyl)-4-methylbenzenesulfonamide S3 
(104 mg, 0.38 mmol) in MeCN/H2O (20 ml, 1:1) was cooled to 0
oC in an ice bath,
phenyliodine(III) diacetate (PIDA) (182 mg, 0.57 mmol) was added in small portions. 
The reaction mixture was stirred at 0oC until fully consumption of the starting 
material (monitored by TLC), then diluted with EtOAc (10 ml), quenched with 
saturated aq. NaHCO3 (20ml) and the layers were separated. The aqueous layer was 
extracted with EtOAc (2 x 15ml). The organic layers were combined and washed with 




residue was decomposed during prep TLC purification, it was washed with 
EtOAc/hexane/CH2Cl2 (1 : 1 : 8) and filtered to provide crude imine quinol 1s (70mg, 
0.23 mmol, 62%) as a white solid, which was found to be unstable in CDCl3. Rf = 
0.4 (EtOAc : hexane = 1:2); m.p. = 110-115 °C; 1H NMR (400 MHz, CDCl3) δ 7.87 
(d, J = 8.4 Hz, 2H), 7.52 (dd, J = 10.3, 2.0 Hz, 1H), 7.33 (d, J = 8.0 Hz, 2H), 6.78 
(dd, J = 10.3, 2.7 Hz, 1H), 6.70 (dd, J = 10.0, 2.7 Hz, 1H), 6.28 (dd, J = 10.0, 2.1 
Hz, 1H), 2.44 (s, 3H), 1.80 (q, J = 7.6 Hz, 2H), 0.86 (t, J = 7.6 Hz, 3H); 13C NMR 
(125 MHz, CDCl3) δ 164.4, 151.6, 150.0, 144.2, 129.9, 129.1, 127.7, 127.6, 122.3, 
70.8, 33.1, 22.0, 8.2; HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for C15H17NO3S: 
292.1002, found: 292.0963; [M+Na]+ calc’d for C15H17NO3S: 314.0821, found: 
314.0820. 
3. Initial modification of condition and stepwise synthesis of substrates 
oxazolidinone 3a, enol 4a, α-hydroxyl diketone 4a” and N-methyl 
acridone 5a’ 
  
Scheme 9. Stepwise synthesis of substrates oxazolidinone 3a, enol 4a, α-hydroxyl 
diketone 4a” and N-methyl acridone 5a’ 
In an initial trial, addition of 0.15 equiv. 1,8-diazabicycloundecene (DBU) to a 
solution of premixed quinol 1a and commercially available ortho-
(methoxycarbonyl)phenyl isocyanate 2a in cold CH2Cl2 and further reaction at room 
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temperature for 1 h resulted in complete consumption of 1a to form the Michael 
addition intermediate 3a  (Table 1, entry 1), no new spot appeared on the TLC after 
stirring 6 h at room temperature or under reflux for another 20 h (Table 1, entry 2). 
Eventually, after removal of the solvent, addition of 1.1 equiv. NaOMe in THF to the 
reaction mixture at room temperature and refluxing for 6 h produced acridone 5a in 
trace amount yield and enol 4a in 42% yield alongside with recovery of /19% of 
oxazolidinone 3a (Table 1, entry 3). When 4a was treated with DBU and refluxed in 
toluene (tol), 5a was obtained in quantitative yield, which was further transformed to 
N-methyl acridone derivative 5a’ to demonstrate the acidity difference of two active
protons of 5a. In another experiment after an unintended prolonged reflux α-
hydoxydiketone 4a” was isolated in 5% from the reaction mixture as well as all 
intermediates (Table 1, entry 4). Later on the ideal condition for the formation of 
enol 4a was found where doubled amount of NaOMe was added to reflux for 12 h 
(Table 1, entry 5). The structures of enol 4a, α-hydroxydiketone 4a” and acridone 5a 
were also confirmed with x-ray diffraction analysis (Figures 1-3).   
Table 3. Initial condition modification with quinol 1a 
a. All isolated yield after prep TLC purification.
Figure 2. X-ray structure of 4a” 
entry base (equiv) Solvent temp (oC) Condition/time (h) 
% yielda 
1a/3a/4a/4a”/5a 
1 DBU(0.15) CH2Cl2 r.t. r.t./0.5 -/84/-/-/- 
2 DBU(0.15) CH2Cl2 111 reflux (20) -/84/-/-/- 
3 DBU(0.15)/NaOMe (1.1) CH2Cl2/THF r.t./66 reflux (6) -/19/42/-/trace 
4 DBU(0.15)/NaOMe (1.1) CH2Cl2/THF r.t./66 reflux (50) -/10/33/4/8 
5 DBU(0.15)/NaOMe (2.2) CH2Cl2/THF r.t./66 reflux (12) -/-/79/-/3 
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Figure 3. X-ray structure of 5a 
Figure 4. X-ray structure of 4a 
methyl 2-(7a-methyl-2,5-dioxo-3a,4,5,7a-
tetrahydrobenzo[d]oxazol-3(2H)-yl)benzoate (3a) 
To a solution of quinol 1a (60 mg, 0.48 mmol) and 2a (94 mg, 0.53 
mmol) in CH2Cl2 (5 ml) was added DBU (11 mg, 0.07 mmol) 
dropwise, the reaction was stirred at ambient temperature for 30 min until the 
complete consumption of p-methyl quinol, monitored by TLC analysis. The reaction 
was diluted with EtOAc (5 ml), quenched by saturated aq. NH4Cl (10 ml) and then 
extracted with EtOAc (2 x 10 ml). The organic layer was combined and washed with 
water (20 ml), brine (20 ml), dried over Na2SO4, then concentrated in vacuo. The 
residue was purified by silica gel flash column chromatography to provide 
oxazolidinone 3a (122 mg, 0.41 mmol, 84%) as colorless needle-like crystals. Rf = 
0.2 (EtOAc : hexane = 1:1); m.p.  = 121-126 °C; 1H NMR (500 MHz, CDCl3) δ 8.03
(dd, J = 7.8, 1.0 Hz, 1H), 7.56 (td, J = 7.7, 1.4 Hz, 1H), 7.43 (t, J = 7.7 Hz, 1H), 
7.03 (d, J = 7.8 Hz, 1H), 6.66 (dd, J = 10.4 1.5 Hz, 1H), 6.19 (d, J = 10.4 Hz, 1H), 
4.63 (br s, 1H), 3.86 (s, 3H), 2.62 (dd, J = 17.5, 4.1 Hz, 1H), 2.56 (dd, J = 17.5, 
2.1 Hz, 1H), 1.78 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 194.6, 166.0, 156.0, 145.7,




HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for C16H15NO5: 302.1023, found: 302.1011; 
[M+Na)+ calc’d for C15H11NO4: 324.0842, found: 324.0839. 
5-hydroxy-2a-methyl-2a,2a1-dihydro-1H,6H-oxazolo[5,4,3-
de]acridine-1,6-dione (4a) 
To a solution of quinol 1a (50 mg, 0.4 mmol) and methyl 2-
isocyanatobenzoate 2a (78 mg, 0.44 mmol) in CH2Cl2 (10 ml) was 
added DBU (9mg, 0.06 mmol) dropwise at ambient temperature. The reaction was 
monitored by TLC to complete consumption of 1a, after which solvent was 
evaporated under reduced pressure; NaOMe (48 mg, 0.89 mmol) was added in small 
portions to the residue in THF at 0oC, the reaction mixture was heated under reflux 
for 12 h. After cooling, the mixture was diluted with EtOAc (10 ml), quenched by 
saturated aq. NH4Cl (10 ml) and then extracted with EtOAc (2 x 10 ml). The organic 
layer was combined and washed with water (20 ml), brine (20 ml), dried over 
Na2SO4, then concentrated in vacuo. The residue was purified by silica gel flash 
column chromatography to provide enol 4a (86 mg, 0.32 mmol, 79%) as a white 
solid. Rf = 0.5 (EtOAc : hexane = 1:1); m.p.  = 187-190 °C; 1H NMR (500 MHz, 
CDCl3) δ 13.65 (br s, 1H), 7.98 (d, J = 7.8 Hz, 1H), 7.70 (d, J = 8.2 Hz, 1H), 7.62 (t, 
J = 7.9 Hz, 1H), 7.36 (t, J = 7.6 Hz, 1H), 6.53 (d, J = 10.2 Hz, 1H), 6.31 (d, J = 
10.2 Hz, 1H), 4.75 (s, 1H), 1.77 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 176.6, 173.5, 
153.0, 139.1, 138.0, 134.4, 129.1, 126.9, 126.3, 123.8, 123.2, 98.9, 74.2, 58.6, 
28.5; HRMS (ESI/Q-TOF) m/z: [M+H]+ cal’d for C15H11NO4: 270.0761, found: 






To a solution of quinol 1a (50 mg, 0.4 mmol) and methyl 2-
isocyanatobenzoate 2a (78 mg, 0.44 mmol) in CH2Cl2 (10 ml) was 
added DBU (9mg, 0.06 mmol) dropwise at ambient temperature. The reaction was 
monitored by TLC to complete consumption of 1a, after which solvent was 
evaporated under reduced pressure; NaOMe (24 mg, 0.44 mmol) was added in small 
portions to the residue in THF at 0oC, the reaction mixture was heated under reflux 
for 50 h. After cooling, the mixture was diluted with EtOAc (10 ml), quenched by 
saturated aq. NH4Cl (10 ml) and then extracted with EtOAc (2 x 10 ml). The organic 
layer was combined and washed with water (20 ml), brine (20 ml), dried over 
Na2SO4, then concentrated in vacuo. The residue was purified by silica gel flash 
column chromatography to provide 4a” (5 mg, 0.018 mmol, 4%) as a white solid. 1H 
NMR (500 MHz, CDCl3) δ 8.50 (d, J = 8.5 Hz, 1H), 8.06 (dd, J = 7.9, 1.4 Hz, 1H), 
7.66 (ddd, J = 8.3, 7.5, 1.6 Hz, 1H), 7.25 (t, J = 7.2 Hz, 1H), 6.74 (dd, J = 10.5, 
1.8 Hz, 1H), 6.27 (d, J = 10.5 Hz, 1H), 4.69 (s, 1H), 4.49 (d, J = 1.8 Hz, 1H), 1.87 
(s, 3H); 13C NMR (125 MHz, CDCl3) δ 190.1, 189.9, 151.4, 144.7, 140.3, 137.5, 
128.9, 128.3, 124.8, 118.8, 117.6, 76.3, 73.7, 65.9, 24.0; HRMS (ESI/Q-TOF) m/z: 
[M+H]+ calc’d for C15H11NO5: 286.071, found: 286.0714; [M+Na]
+ calc’d for 
C15H11NO5: 308.0529, found: 308.0531. 
1-hydroxy-4,10-dimethylacridin-9(10H)-one (5a’) 
To a solution of 5a (30 mg, 0.13 mmol) and methyl iodide (38 mg, 
0.27 mmol) in acetone (15 ml) at 0oC was added potassium 
carbonate (44 mg, 0.32 mmol) in small portions, the reaction was heated at reflux 
for 10 h. After cooling, the mixture was concentrated in vacuo, then diluted with 
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EtOAc (10 ml), quenched by saturated aq. NH4Cl (10 ml) and then extracted with 
EtOAc (2 x 10 ml). The organic layer was combined and washed with water (20 ml), 
brine (20 ml), dried over Na2SO4, then concentrated in vacuo to provide N-methyl 
acridone 5a’ (30 mg, 0.12 mmol, 92%) as a white solid without further purification. 
Rf = 0.5 (THF : hexane = 1:2); 1H NMR (600 MHz, CDCl3) δ 14.20 (s, 1H), 8.38 (d, 
J = 8.0 Hz, 1H), 7.76-7.73 (m, 1H), 7.46 (d, J = 8.6 Hz, 1H), 7.41 (d, J = 8.3 Hz, 
1H), 7.31-7.29 (m, 1H), 6.69 (d, J = 8.3 Hz, 1H), 3.91 (s, 3H), 2.57 (s, 3H); 13C 
NMR (125 MHz, (CD3)2SO) δ 185.6, 163.7, 148.5, 142.6, 136.7, 128.8, 124.2, 118.7, 
116.7, 114.3, 111.2, 45.3, 32.1, 24.9. 
4. One-pot synthesis of 1-hydroxyacridones 
 
Scheme 10. Synthesis of 1-hydroxyacridones 
General procedure for the preparation of 1-hydroxyacridones 5a-5u. 
Method B. A Fisherbrand 6 dr. screw thread vial with pulp/polyvinyl lined cap was 
used as the sealed tube. To a mixture of p-quinol 1 (0.5 mmol) and methyl 2-
isocyanatobenzoate 2a (0.55 mmol) in 3 ml toluene was added 1.1 mmol 1,8-
Diazabicyclo[5.4.0]undec-7-ene (DBU) (1.1 mmol) dropwise at the ambient 
temperature, the reaction was allowed to stir until the complete consumption of the 
p-quinol 1, monitored by TLC, usually within one hour, after which, the reaction vial 
was heated in an oil bath to 130oC for six hours, or specified otherwise. The product 
1-hydroxyacridone 5 can be monitored by TLC and appeared yellow color under 
visible light. After the time required, the reaction mixture was diluted with EtOAc (5 
ml), quenched with 1M HCl (10 ml) and layers were separated. The aqueous layer 
was extracted with EtOAc (2 x 10 ml). The organic layers were combined and 
44 
 
washed with brine (15 ml) and water (15 ml), dried over Na2SO4, then concentrated 
in vacuo. The residue was added 1ml of CH2Cl2, applied sonication, and then filtered 
out through a Büchner funnel. After washed with CH2Cl2 (3 x 1 ml), the yellow solid 
residual was collected from the filter paper to afford the desired product without 
further purification. The filtrate was transferred into a round bottom flask and 
concentrated under the reduced pressure. The residual was purified by prep TLC 
accordingly. 
hydroxy-4-methylacridin-9(10H)-one (5a) 
96% yield, yellow solid. m.p.  = 290-295 °C; 1H NMR (500 MHz, 
(CD3)2SO) δ 14.02 (s, 1H), 10.88 (br s, 1H), 8.25 (d, J = 8.0 Hz, 
1H), 7.99 (d, J = 8.5 Hz, 1H), 7.82 (ddd, J = 8.4, 7.1, 1.3 Hz, 1H), 7.47 (d, J = 8.1 
Hz, 1H), 7.35 (t, J = 7.6 Hz, 1H), 6.51 (d, J = 8.1 Hz, 1H), 2.49 (s, 3H); 13C NMR 
(125 MHz, (CD3)2SO) δ 182.9, 160.9, 142.0, 140.6, 137.4, 135.0, 125.8, 122.7, 
119.9, 119.0, 114.1, 109.4, 106.3, 18.0; HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for 
C14H11NO2: 226.0863, found: 226.0861. 
 4-ethyl-1-hydroxyacridin-9(10H)-one (5b) 
95% yield, yellow solid. m.p.  = 267-270 °C; 1H NMR (500 MHz, 
(CD3)2SO) δ 14.10 (s, 1H), 10.85 (br s, 1H), 8.24 (d, J = 7.9 Hz, 
1H), 8.00 (d, J = 8.5 Hz, 1H), 7.80 (t, J = 7.2 Hz, 1H), 7.47 (d, J = 8.2 Hz, 1H), 
7.33 (t, J = 7.5 Hz, 1H), 6.54 (d, J = 8.1 Hz, 1H), 2.89 (q, J = 7.4 Hz, 2H), 1.27 (t, J 
= 7.4 Hz, 3H); 13C NMR (125 MHz, (CD3)2SO) δ 183.0, 161.0, 142.0, 140.0, 135.7, 
135.0, 125.8, 122.7, 120.0, 119.8, 119.0, 109.5, 106.6, 23.5, 15.1; HRMS (ESI/Q-
TOF) m/z: [M+H]+ calc’d for C15H13NO2 (M+H)




1-hydroxy-4-propylacridin-9(10H)-one (5c)  
72% yield, yellow solid. m.p.  = 237-243 °C; 1H NMR (500 MHz, 
(CD3)2SO) δ 14.13 (s, 1H), 10.83 (br s, 1H), 8.25 (d, J = 8.0 Hz, 
1H), 8.01 (d, J = 8.4 Hz, 1H), 7.82 (t, J = 7.4 Hz, 1H), 7.47 (d, J = 
8.1 Hz, 1H), 7.35 (t, J = 7.4 Hz, 1H), 6.55 (d, J = 8.1 Hz, 1H), 2.88 (t, J = 7.4 Hz, 
2H), 1.67 (sext, J = 7.3 Hz, 2H), 1.00 (t, J = 7.1 Hz, 3H); 13C NMR (125 MHz, 
(CD3)2SO) δ 183.0, 161.0, 142.0, 140.1, 136.8, 135.1, 125.8, 122.7, 119.7, 119.0, 
118.5, 109.6, 106.6, 32.1, 23.4, 14.6; HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for 
C16H15NO2: 254.1176, found: 254.1175. 
 1-hydroxy-4-isopropylacridin-9(10H)-one (5d) 
55% yield, yellow solid. m.p.  = 233-234 °C; 1H NMR (500 MHz, 
(CD3)2SO) δ 14.21 (s, 1H), 10.90 (br s, 1H), 8.26 (dd, J = 8.2, 1.4 
Hz, 1H), 8.04 (d, J = 8.2 Hz, 1H), 7.83 (ddd, J = 8.5, 6.9, 1.5 Hz, 1H), 7.61 (d, J = 
8.4 Hz, 1H), 7.36 (t, J = 7.4, 0.8 Hz, 1H), 6.61 (d, J = 8.3 Hz, 1H), 3.64 (septet, J = 
6.7 Hz, 1H), 1.32 (d, J = 6.7 Hz, 6H); 13C NMR (125 MHz, (CD3)2SO) δ 183.1, 160.9, 
142.1, 139.3, 135.1, 133.0, 125.8, 124.6, 122.7, 119.6, 119.1, 109.5, 106.9, 26.3, 




92% yield, yellow solid. m.p. > 300 °C; 1H NMR (500 MHz, 
(CD3)2SO) δ 14.23 (s, 1H), 10.83 (br s, 1H), 8.25 (dd, J = 8.1, 1.2 
Hz, 1H), 8.06 (d, J = 8.5 Hz, 1H), 7.83 (ddd, J = 8.5, 7.0, 1.5 Hz, 
1H), 7.56 (d, J = 8.4 Hz, 1H), 7.35 (t, J = 7.5 Hz, 1H), 6.59 (d, J = 8.4 Hz, 1H), 
3.31 (looks like a triplet, J = 11.7 Hz, 1H), 1.85-1.79 (m, 5H), 1.67-1.60 (m, 2H), 
1.49-1.42 (m, 2H), 1.35-1.28 (m, 1H); 13C NMR (125 MHz, (CD3)2SO) δ 183.1, 
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160.9, 142.0, 139.3, 135.1, 133.8, 125.8, 124.1, 122.7, 119.6, 119.1, 109.5, 106.9, 
35.7, 34.3, 27.2, 26.6; HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for C19H19NO2: 
294.1489, found: 294.1487. 
1-hydroxy-4-phenylacridin-9(10H)-one (5f) 
88% yield, yellow solid. m.p.  = 215-217 °C; 1H NMR (500 MHz, 
(CD3)2SO) δ 14.45 (s , 1H), 10.78 (br s, 1H), 8.28 (d, J = 7.9 Hz, 
1H), 7.90 (d, J = 8.5 Hz, 1H), 7.77 (t, J = 7.5 Hz, 1H), 7.60-7.55 
(m, 4H), 7.52-7.50 (m, 2H), 7.36 (t, J = 7.5 Hz, 1H), 6.69 (d, J = 8.2 Hz, 1H); 13C 
NMR (125 MHz, (CD3)2SO) δ 183.0, 162.5, 142.0, 139.5, 138.34, 138.25, 135.1, 
130.6, 130.1, 128.6, 125.8, 122.9, 120.3, 119.8, 119.5, 109.6, 107.2; HRMS 
(ESI/Q-TOF) m/z: [M+H]+ calc’d for C19H13NO2: 288.1019, found: 288.1019.  
4-(1-hydroxy-9-oxo-9,10-dihydroacridin-4-yl)benzonitrile 
(5g) 
68% yield, yellow solid. m.p.  = 296-298 °C; 1H NMR (500 MHz, 
(CD3)2SO) δ 14.54 (s, 1H), 10.89 (br s, 1H), 8.28 (d, J = 8.0 Hz, 
1H), 8.04 (d, J = 8.1 Hz, 1H), 7.85-7.77 (m, 4H), 7.55 (d, J = 8.2 
Hz, 1H), 7.37 (t, J = 7.4 Hz, 1H), 6.72 (d, J = 8.2 Hz, 1H); 13C NMR (125 MHz, 
(CD3)2SO) δ 183.0, 163.3, 143.5, 142.0, 139.5, 138.4, 135.3, 133.9, 131.7, 125.8, 
123.1, 119.9, 119.4, 118.6, 111.1, 109.5, 107.4; HRMS (ESI/Q-TOF) m/z: [M+H]+ 
calc’d for C20H12N2O2: 313.0972, found: 313.0971. 
4-(4-bromophenyl)-1-hydroxyacridin-9(10H)-one (5h) 
89% yield, yellow solid. m.p. = 285-288 °C; 1H NMR (500 MHz, 
(CD3)2SO) δ 14.49 (s, 1H), 10.81 (br s, 1H), 8.28 (d, J = 8.1 Hz, 
1H), 7.88 (d, J = 8.5 Hz, 1H), 7.79-7.75 (m, 3H), 7.52-7.50 (m, 
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3H), 7.36 (t, J = 7.6 Hz, 1H), 6.69 (d, J = 8.2 Hz, 1H); 13C NMR (125 MHz, 
(CD3)2SO) δ 182.9, 162.8, 142.2, 139.7, 138.2, 137.6, 135.1, 132.94, 132.93, 
125.8, 122.9, 122.0, 119.9, 119.5, 119.1, 109.6, 107.1; HRMS (ESI/Q-TOF) m/z: 
[M+H]+ calc’d for C19H12BrNO2: 366.0124, found: 366.0125.  
1-hydroxy-2,4-dimethylacridin-9(10H)-one (5i) 
87% yield, yellow solid. 1H NMR (400 MHz, (CD3)2SO) δ 14.23 (s, 
1H), 10.79 (br s, 1H), 8.24 (d, J = 8.0 Hz, 1H), 7.95 (d, J = 8.4 
Hz, 1H), 7.78 (t, J = 7.4 Hz, 1H), 7.36 (s, 1H), 7.31 (t, J = 7.5 Hz, 1H), 2.45 (s, 3H), 
2.17 (s, 3H); 13C NMR (100 MHz, (CD3)2SO) δ 182.7, 158.0, 142.0, 139.3, 138.7, 
134.8, 125.8, 122.3, 119.7, 118.9, 114.2, 113.2, 109.2, 17.9, 15.2; HRMS (ESI/Q-
TOF) m/z: [M+H]+ calc’d for C15H13NO2: 240.1019, found: 240.1018. 
1-hydroxy-3,4-dimethylacridin-9(10H)-one (5j) 
94% yield, yellow solid. m.p.  = 279-281 °C; 1H NMR (500 MHz, 
(CD3)2SO) δ 14.00 (s, 1H), 10.75 (br s, 1H), 8.23 (d, J = 8.0 Hz, 
1H), 7.99 (d, J = 8.4 Hz, 1H), 7.80 (t, J = 7.2 Hz, 1H), 7.34 (t, J = 7.4 Hz, 1H), 6.51 
(s, 1H), 2.39 (s, 6H); 13C NMR (125 MHz, (CD3)2SO) δ 182.6, 160.2, 145.8, 142.2, 
140.6, 134.96, 125.8, 122.6, 119.6, 119.1, 112.1, 109.2, 108.2, 22.2, 13.5; HRMS 
(ESI/Q-TOF) m/z: [M+H]+ calc’d for C15H13NO2: 240.1019, found: 240.1020.  
1-hydroxy-4-isopropyl-3-methylacridin-9(10H)-one (5k) 
42% yield, yellow solid. m.p. = 135-140 °C; 1H NMR (500 MHz, 
(CD3)2SO) δ 14.24 (s, 1H), 10.52 (br s, 1H), 8.22 (d, J = 8.1 Hz, 
1H), 8.08 (d, J = 8.4 Hz, 1H), 7.80 (t, J = 7.0 Hz, 1H), 7.34 (t, J = 7.3 Hz, 1H), 6.46 
(s, 1H), 3.64 (septet (looks like a triplet), J = 6.7 Hz, 1H), 1.32 (d, J = 6.7 Hz, 6H); 
13C NMR (125 MHz, (CD3)2SO) δ 183.1, 160.9, 142.1, 139.3, 135.1, 133.0, 125.8, 
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124.6, 122.7, 119.6, 119.1, 109.5, 106.9, 26.3, 24.1; HRMS (ESI/Q-TOF) m/z: 
[M+H]+ calc’d for C17H17NO2: 268.1332, found: 268.1333. 
2-bromo-1-hydroxy-4-methylacridin-9(10H)-one (5l) 
41% yield, yellow solid. m.p. = 216-224 °C; 1H NMR (500 
MHz, (CD3)2SO) δ 14.95 (s, 1H), 11.12 (br s, 1H), 8.28 (d, J = 
7.9 Hz, 1H), 8.03 (d, J = 8.5 Hz, 1H), 7.87 (t, J = 7.5 Hz, 1H), 7.79 (s, 1H), 7.41 (t, 
J = 7.5 Hz, 1H), 2.52 (s, 3H); 13C NMR (125 MHz, (CD3)2SO) δ 182.2, 157.1, 141.95, 
140.1, 139.4, 135.5, 125.9, 123.3, 119.7, 119.3, 116.5, 109.9, 97.7, 17.7; HRMS 
(ESI/Q-TOF) m/z: [M+H]+ calc’d for C14H10BrNO2: 303.9968, found: 303.9966.  
6-hydroxy-2,3-dihydro-1H,7H-3a,12-
(epoxymethano)cyclopenta[d]acridine-7,13-dione (4m) 
84% yield, white solid. m.p.  = 165-172 °C; 1H NMR (400 MHz, 
CDCl3) δ 13.49 (br s, 1H), 8.02 (dd, J = 7.8, 1.3 Hz, 1H), 7.82 (d, 
J = 8.1 Hz, 1H), 7.61 (t, J = 7.9 Hz, 1H), 7.33 (t, J = 7.5 Hz, 1H), 6.72 (d, J = 10.2 
Hz, 1H), 6.24 (d, J = 10.2 Hz, 1H), 2.63-2.58 (m, 1H), 2.34-2.30 (m, 1H), 1.93-
1.84 (m, 1H), 1.77- 1.63 (m, 2H), 1.58-1.50 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 
175.1, 173.1, 152.9, 138.9, 136.5, 134.3, 127.0, 126.3, 125.6, 122.99, 122.58, 
104.3, 84.0, 67.5, 41.8, 40.8, 19.0; HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for 
C17H13NO4: 296.0923, found: 296.0919. 
6-hydroxy-1,3,4,12-tetrahydrobenzo[c]acridin-7(2H)-one 
(5n) 
83% yield, yellow solid. m.p.  = 298-300 °C; 1H NMR (500 MHz, 
(CD3)2SO) δ 13.90 (s, 1H), 10.67 (br s, 1H), 8.21 (dd, J = 8.1, 1.1 Hz, 1H), 7.99 (d, 
J = 8.4 Hz, 1H), 7.77 (ddd, J = 8.5, 6.9, 1.5 Hz, 1H), 7.32 (t, J = 7.5 Hz, 1H), 6.29 
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(s, 1H), 2.79-2.76 (m, 4H), 1.91-1.87 (m, 2H), 1.79-1.76 (m, 2H); 13C NMR (125 
MHz, (CD3)2SO) δ 182.3, 159.7, 146.2, 141.8, 140.5, 134.7, 125.7, 122.6, 119.95, 
119.1, 113.1, 108.1, 107.4, 31.3, 24.4, 23.0, 22.8; HRMS (ESI/Q-TOF) m/z: 
[M+H]+ calc’d for C17H15NO2 (M+H)
+: 266.1176, found: 266.1176. 
11-hydroxy-4-methyl-1,2,3,5-tetrahydro-10H-
cyclopenta[b]acridin-10-one (5o) 
80% yield, yellow solid. m.p.: >300 °C; 1H NMR (500 MHz, 
(CD3)2SO) δ 14.13 (s, 1H), 10.71 (br s, 1H), 8.22 (dd, J = 8.1 Hz, 1H), 7.95 (d, J = 
8.4 Hz, 1H), 7.77 (t, J = 7.7 Hz, 1H), 7.31 (t, J = 7.4 Hz, 1H), 2.96 (t, J = 7.2 Hz, 
2H), 2.86 (t, J = 7.2 Hz, 2H), 2.39 (s, 3H), 2.06 (quint, J = 7.2 Hz,2H); 13C NMR 
(125 MHz, (CD3)2SO) δ 182.6, 155.6, 153.6, 141.9, 139.8, 134.6, 125.8, 122.2, 
120.4, 119.5, 118.9, 109.1, 108.7, 33.7, 29.3, 25.0, 14.4; HRMS (ESI/Q-TOF) m/z: 
[M+H]+ calc’d for C17H15NO2: 266.1176, found: 266.1177. 
1-hydroxy-4-(2-hydroxyethyl)acridin-9(10H)-one (5p) 
70% yield, yellow solid. m.p.  = 205-209 °C; 1H NMR (500 
MHz, (CD3)2SO) δ 14.16 (s, 1H), 11.04 (br s, 1H), 8.25 (d, J = 
7.9 Hz, 1H), 7.95 (d, J = 8.4 Hz, 1H), 7.84-7.81 (m, 1H), 7.51 (d, J = 8.0 Hz, 1H), 
7.35 (t, J = 7.4 Hz, 1H), 6.56 (d, J = 8.1 Hz, 1H), 4.94 (br s, 1H), 3.75 (t, J = 6.0 
Hz, 2H), 3.08 (t, J = 6.3 Hz, 2H); 13C NMR (125 MHz, (CD3)2SO) δ 183.0, 161.3, 
142.0, 140.7, 137.8, 135.1, 125.9, 122.7, 119.7, 119.0, 116.4, 109.6, 106.6, 61.9, 







White solid. 1H NMR (600 MHz, CDCl3) δ 8.03 (d, J = 7.6 Hz, 
1H), 7.58 (td, J = 7.7, 1.6 Hz, 1H), 7.44 (t, J = 7.6 Hz, 1H), 
7.06-7.05 (m, 1H), 4.60 (br s, 1H), 4.19 (t, J = 3.1 Hz, 1H), 4.11-4.04 (m, 2H), 
3.90 (s, 3H), 2.90-2.85 (m, 2H), 2.68 (dd, J = 18.0, 3.6 Hz, 1H), 2.56 (dd, J = 17.9, 
1.9 Hz, 1H), 2.42-2.37 (m, 1H); 13C NMR (150 MHz, CDCl3) δ 205.4, 166.1, 156.3, 
135.7, 133.8, 132.6, 128.8, 128.6, 83.2, 79.5, 66.2, 63.6, 52.9, 39.1, 38.2, 37.5; 
HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for C17H17NO6: 332.1129, found: 332.1120; 
[M+Na]+  calc’d for C17H17NO6: 354.0948, found: 354.0946. 
5-hydroxy-1,2-dihydro-6H-pyrrolo[3,2,1-de]acridin-6-one 
(5p’”) 
Side product isolated in 15% yield as yellow solids in the synthesis 
of 5o, following method B. It was suggested that its formation was facilitated by the 
isocyanate and confirmed by a separate trial where heating substrate 5o at 110 oC 
lead to no change, 5o”’ was formed after the addition of 1 equiv. of isocyanate 2a. 
m.p. = 205-209 °C; 1H NMR (500 MHz, CDCl3) δ 12.00 (br s, 1H), 8.31 (dd, J = 8.1, 
1.1 Hz, 1H), 7.67-7.63 (m, 1H), 7.22-7.19 (m, 2H), 7.13 (d, J = 8.4 Hz, 1H), 6.39 
(d, J = 7.8 Hz, 1H), 4.43 (t, J = 8.1 Hz, 2H), 3.40 (t, J = 8.1 Hz, 2H); 13C NMR (125 
MHz, CDCl3) δ 181.4, 159.1, 145.6, 140.2, 134.1, 129.8, 127.2, 121.8, 121.4, 119.9, 
114.3, 107.7, 106.0, 49.7, 27.4; HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for 






Method B was applied where reaction was refluxed in toluene 
for 6 h. 94% yield, white solid. m.p. = 261-268 °C; 1H NMR (500 MHz, CDCl3) δ 
14.31 (br s, 1H), 7.99 (dd, J = 7.9, 1.4 Hz, 1H), 7.75-7.73 (m, 3H), 7.59 (t, J = 7.7 
Hz, 1H), 7.35 (d, J = 8.1 Hz, 2H), 7.30 (t, J = 7.4 Hz, 1H), 4.86 (s, 1H), 3.92-3.88 
(m, 1H), 3.81-3.78 (m, 1H), 3.33-3.25 (m, 2H), 2.48-2.40 (m, 5H), 2.28-2.21 (m, 
1H); 13C NMR (125 MHz, CDCl3) δ 181.0, 178.1, 152.3, 144.8, 137.5, 135.1, 133.2, 
130.3, 128.0, 127.5, 126.0, 123.4, 121.6, 101.6, 86.2, 62.4, 56.4, 46.7, 39.3, 36.2, 
22.0; HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for C23H20N2O6S: 453.1115, found: 
453.111; [M+Na]+ calc’d for C23H20N2O6S: 475.0934, found: 475.093. 
N-(2-(1-hydroxy-9-oxo-9,10-dihydroacridin-4-
yl)ethyl)-4-methylbenzenesulfonamide (5q) 
57% yield, yellow solid. m.p.  = 234-242 °C; 1H NMR (500 
MHz, (CD3)2SO) δ 14.17 (s, 1H), 10.75 (br s, 1H), 8.25 (d, J = 8.1 Hz, 1H), 7.92 (d, 
J = 8.5 Hz, 1H), 7.85-7.82 (m, 1H), 7.61-7.59 (m, 1H), 7.54 (d, J = 8.1 Hz, 2H), 
7.43 (d, J = 8.2 Hz, 1H), 7.38-7.35 (m, 1H), 7.23 (d, J = 8.0 Hz, 2H), 6.53 (d, J = 
8.2 Hz, 1H), 3.13-3.09 (m, 2H), 3.06-3.03 (m, 2H), 2.32 (s, 3H); 13C NMR (125 
MHz, (CD3)2SO) δ 182.9, 161.6, 143.3, 141.9, 140.2, 138.1, 137.9, 135.2, 130.3, 
127.3, 125.8, 122.8, 119.8, 118.9, 114.9, 109.6, 106.6, 43.0, 30.5, 21.8; HRMS 
(ESI/Q-TOF) m/z: [M+H]+ calc’d for C22H20N2O4S: 409.1217, found: 409.1214. 
2a,4,5a-trimethyl-2a1,5a-dihydro-1H,5H-oxazolo[5,4,3-
de]acridine-1,5,6(2aH)-trione (4r’) 
Method B was applied where reaction was refluxed in toluene for 
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6 h. 44% yield, white solid. m.p.  = 188-192 °C; 1H NMR (500 MHz, CDCl3) δ 8.46 
(d, J = 8.4 Hz, 1H), 8.06 (dd, J = 7.8, 1.4 Hz, 1H), 7.59-7.56 (m, 1H), 7.19 (t, J = 
7.3 Hz, 1H), 6.41 (s, 1H), 1.85 (d, J = 1.1 Hz, 3H), 1.82 (s, 3H), 1.58 (s, 3H); 13C 
NMR (125 MHz, CDCl3) δ 194.1, 188.7, 151.7, 139.5, 138.1, 136.2, 135.9, 129.1, 
124.5, 120.2, 117.3, 76.5, 67.7, 55.3, 24.6, 18.3, 16.6; HRMS (ESI/Q-TOF) m/z: 
[M+H]+ calc’d for C17H15NO4: 298.1074, found: 298.1067; [M+Na]
+ calc’d for 
C17H15NO4: 320.0893, found: 320.0889. 
5-hydroxy-2a,2a1,3-trimethyl-2a,2a1-dihydro-1H,6H-
oxazolo[5,4,3-de]acridine-1,6-dione (4s) 
Method B was applied where reaction was refluxed in toluene for 
6 h. The sealed tube condition would lead to 1-hydroxy-3,4-
dimethylacridin-9(10H)-one (5j) as the side product. 54% yield, white solid. m.p.  = 
202-206 °C; 1H NMR (500 MHz, CDCl3) δ 14.06 (br s, 1H), 8.00 (dd, J = 7.8, 1.4 Hz, 
1H), 7.65-7.62 (m, 1H), 7.57 (dd, J = 8.0, 0.9 Hz, 1H), 7.43-7.40 (m, 1H), 2.17 (d, 
J = 1.5 Hz, 3H), 1.74 (s, 3H), 1.35 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 179.2, 
170.8, 154.7, 150.1, 136.9, 133.9, 127.9, 127.1, 126.4, 125.8, 124.2, 105.7, 81.0, 
62.1, 22.6, 20.9, 20.6; HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for C17H15NO4: 




Yellow solid in trace amount yield, and 64% 5a were 
isolated. 1H NMR (500 MHz, (CD3)2SO) δ 15.64 (br s, 1H), 11.28 (br s, 1H), 8.30 (d, 
J = 8.0 Hz, 1H), 8.06 (d, J = 8.4 Hz, 1H), 7.97 (s, 1H), 7.90 (t, J = 7.3 Hz, 1H), 
7.47-7.44 (m, 1H), 3.83 (s, 3H), 2.52 (s, 3H); 13C NMR (125 MHz, (CD3)2SO) δ 
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183.1, 166.1, 163.8, 144.2, 138.0, 135.5, 125.8, 123.9, 120.4, 119.6, 114.7, 114.6, 
109.0, 106.9, 52.3, 18.0.  
N-(4-ethyl-9-oxo-9,10-dihydroacridin-1-yl)-4-
methylbenzenesulfonamide (5u) 
74% yield, yellow solid. m.p.  = 194-200 °C; 1H NMR (500 MHz, 
(CD3)2SO) δ 13.995 (s, 1H), 10.85 (br s, 1H), 8.28 (dd, J = 8.2, 1.0 Hz, 1H), 8.02 (d, 
J = 8.4 Hz, 1H), 7.83-7.78 (m, 3H), 7.51 (d, J = 8.2 Hz, 1H), 7.4-7.35 (m, 3H), 7.19 
(d, J = 8.2 Hz, 1H), 2.91 (q, J = 7.4 Hz, 2H), 2.31 (s, 3H), 1.26 (t, J = 7.4 Hz, 3H); 
13C NMR (125 MHz, (CD3)2SO) δ 181.8, 144.6, 141.3, 140.7, 139.3, 137.1, 135.1, 
134.1, 130.8, 127.9, 126.3, 125.3, 123.1, 120.8, 119.1, 109.3, 108.3, 23.8, 21.8, 
14.5. 
5. Synthesis of aryl isocyanates 2b-2d and corresponding 1-
hydroxyacridones 5v-5x. 
 
Scheme 11. Synthesis of 1-hydoxyacridones from commercial anilines 
General procedure for the preparation of aryl isocyanates 2b-2d, 1-
hydroxyacridones 5v-5x. Method C. To a solution of commercial aniline S4 (1.2 
mmol) in a 1 : 1 mixture of methylene chloride (10 ml) and saturated aqueous 
NaHCO3 (10 ml) at 0
oC was added triphosgene (0.4 mmol). The reaction mixture was 
stirred at 0oC for 1 hour. After the layers were separated, the aqueous layer was 
extracted with CH2Cl2 (2 x 10 ml). The organic layers were combined and washed 
with water (20 ml), brine (20 ml), dried over Na2SO4, then concentrated in vacuo. 
The residue was used directly in the next step without further purification.  
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Followed Method B, to a solution of p-ethylquinol 1b (0.5 mmol) and aryl 
isocyanate 2 (1.2 mmol) in toluene (1 M) at ambient temperature was added DBU 
(1.1 mmol) drop wise. The reaction was allowed to stir until the complete 
consumption of p-ethylquinol 1b, monitored by TLC, usually within one hour; after 
which, the reaction vial was heated in an oil bath to 130oC for six hours, or specified 
otherwise. The product 1-hydroxyacridone 5 can be monitored by TLC and appeared 
yellow color under visible light. After the time required, the reaction mixture was 
diluted with EtOAc (5 ml), quenched with 1M HCl (10 ml) and layers were separated. 
The aqueous layer was extracted with EtOAc (3 x 10 ml). The organic layers were 
combined and washed with brine (15 ml) and water (15 ml), dried over Na2SO4, then 
concentrated in vacuo. The residue was added CH2Cl2 (1ml), applied sonication, and 
then filtered out through a Büchner funnel. After washed with CH2Cl2 (3 x 1 ml), the 
yellow solid residual was collected from the filter paper to afford the desired product 
without further purification, unless otherwise noted. The filtrate was transferred into 
a round bottom flask and concentrated under the reduced pressure. The residual was 
purified by prep TLC accordingly. 
methyl 5-bromo-2-isocyanatobenzoate (2b) 
quant. yield, white solid; 1H NMR (600 MHz, CDCl3) δ 8.14 (d, J 
= 2.4 Hz, 1H), 7.58 (dd, J = 8.5, 2.4 Hz, 1H), 7.00 (d, J = 8.6 Hz, 1H), 3.97 (s, 3H); 
13C NMR (125 MHz, CDCl3) δ 165.4, 137.0, 134.6, 133.9, 128.3, 125.7, 125.3, 
118.7, 53.1; HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for C9H6BrNO3: 255.9604, 
found: 255.9604. 
dimethyl 2-isocyanatoterephthalate (2c) 
quant. yield, white solid. m.p.  = 126-170 °C (decomposed); 
1H NMR (500 MHz, CDCl3) δ 8.06 (d, J = 8.2 Hz, 1H), 7.87 
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(dd, J = 8.2, 1.7 Hz, 1H), 7.76 (d, J = 1.7 Hz, 1H), 3.98 (s, 3H), 3.94 (s, 3H); 13C 
NMR (125 MHz, CDCl3) δ 166.0, 165.6, 135.2, 134.8, 132.0, 127.8, 127.4, 126.4, 
125.5, 53.1, 53.0; HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for C11H9NO5: 236.0553, 
found: 236.0553. 
methyl 2-isocyanato-3-methylbenzoate (2d) 
quant. yield, white solid. m.p.  = 124-126 °C; 1H NMR (500 MHz, 
CDCl3) δ 7.84 (d, J = 7.8 Hz, 1H), 7.38 (d, J = 7.5 Hz, 1H), 7.15-7.12 
(m, 1H), 3.95 (s, 3H), 2.36 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 167.0, 136.2, 
135.2, 134.9, 133.2, 129.4, 125.1, 124.1, 52.7, 19.2; HRMS (ESI/Q-TOF) m/z: 
[M+H]+ calc’d for C10H9NO3: 192.0655, found: 192.0653. 
7-bromo-4-ethyl-1-hydroxyacridin-9(10H)-one (5v) 
82% yield, yellow solid. m.p.  = 257-260 °C; 1H NMR (500 
MHz, (CD3)2SO) δ 13.80 (s, 1H), 11.02 (br s, 1H), 8.31 (d, J = 
2.3 Hz, 1H), 7.99 (d, J = 9.0 Hz, 1H), 7.95 (dd, J = 9.0, 2.3 Hz, 1H), 7.53 (d, J = 
8.2 Hz, 1H), 6.60 (d, J = 8.2 Hz, 1H), 2.90 (q, J = 7.4 Hz, 2H), 1.29 (t, J = 7.4 Hz, 
3H); 13C NMR (125 MHz, (CD3)2SO) δ 181.8, 160.8, 140.9, 139.8, 137.6, 136.2, 
127.7, 121.7, 121.1, 120.4, 114.9, 109.6, 107.1, 23.5, 15.1; HRMS (ESI/Q-TOF) 
m/z: [M+H]+ calc’d for C15H12BrNO2: 318.0124, found: 318.0121. 
methyl 5-ethyl-8-hydroxy-9-oxo-9,10-
dihydroacridine-3-carboxylate (5w) 
73% yield, yellow solid. m.p.  = 254-257 °C; 1H NMR 
(500 MHz, (CD3)2SO) δ 13.81 (s, 1H), 11.00 (br s, 1H), 8.63 (d, J = 1.3 Hz, 1H), 
8.25 (d, J = 8.5 Hz, 1H), 7.71 (dd, J = 8.4, 1.5 Hz, 1H), 7.47 (d, J = 8.2 Hz, 1H), 
6.55 (d, J = 8.1 Hz, 1H), 3.96 (s, 3H), 2.85 (q, J = 7.5 Hz, 2H), 1.26 (t, J = 7.5 Hz, 
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3H); 13C NMR (125 MHz, (CD3)2SO) δ 182.6, 166.4, 160.8, 141.5, 140.1, 136.2, 
134.7, 126.5, 122.0, 121.6, 121.0, 120.3, 109.9, 107.0, 53.5, 23.5, 15.2; HRMS 
(ESI/Q-TOF) m/z: [M+H]+ calc’d for C17H15NO4: 298.1074, found: 298.1076. 
2a-ethyl-5-hydroxy-10-methyl-2a,2a1-dihydro-1H,6H-
oxazolo[5,4,3-de]acridine-1,6-dione (4x) 
81% yield, pale yellow solid. 1H NMR (500 MHz, CDCl3) δ 13.98 
(br s, 1H), 7.82 (d, J = 7.7 Hz, 1H), 7.47 (d, J = 7.4 Hz, 1H), 
7.33 (t, J = 7.7 Hz, 1H), 6.60 (t, J = 10.2 Hz, 1H), 6.41 (d, J = 10.2 Hz, 1H), 4.70 (s, 
1H), 2.45 (s, 3H), 2.13-2.03 (m, 2H), 1.11 (t, J = 7.5 Hz, 3H); 13C NMR (125 MHz, 
CDCl3) δ 180.2, 172.1, 153.3, 139.3, 136.4, 136.1, 134.5, 131.5, 127.2, 124.9, 
124.2, 100.1, 77.5, 56.9, 32.6, 18.8, 7.9; HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d 
for C17H15NO4: 298.1074, found: 298.1081. 
4-ethyl-1-hydroxy-5-methylacridin-9(10H)-one (5x) 
85% yield, yellow solid. m.p.  = 163-170 °C; 1H NMR (500 MHz, 
CDCl3) δ 13.73 (br s, 1H), 8.24 (d, J = 8.2 Hz, 1H), 7.93 (br s, 1H), 
7.53 (d, J = 7.1 Hz, 1H), 7.38 (d, J = 8.2 Hz, 1H), 7.18 (t, J = 7.6 Hz, 1H), 6.61 (d, 
J = 8.2 Hz, 1H), 2.76 (q, J = 7.5 Hz, 2H), 2.55 (s, 3H), 1.40 (t, J = 7.5 Hz, 3H); 13C 
NMR (125 MHz, CDCl3) δ 183.5, 161.2, 138.9, 138.4, 135.0, 134.7, 124.7, 123.5, 
121.9, 120.2, 117.5, 109.3, 107.2, 23.1, 16.7, 13.3; HRMS (ESI/Q-TOF) m/z: 
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Palladium-Catalyzed Carbazole Synthesis through Enolate-
Aryl Coupling/Aromatization: Application to the Total 
Synthesis of Carbazomycin B and G 
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Introduction 
Carbazole was first isolated from coal tar in 1872.1 Ninety years later, having been shown 
antimicrobial properties of murrayanine which was isolated from Murraya Koenigii Spreng by 
Chakraborty et al.,2 the tricyclic carbazole alkaloids have long been attractive targets to 
biologists and chemists given to the intriguing structural properties and promising biological 
activities.3 Since then, carbazole chemistry has been considerably developed in order to 
provide access to various ring systems and substitution patterns. In recent years, both 
naturally occurring and synthetic 4-hydroxycarbazoles (Scheme 1) were found to exhibit a 
broad range of different bioactivities. For example, carvedilol and carazolol are both 
synthetic β-adrenergic antagonists4-6 and the former is a FDA approved drug treating high 
blood pressure and heart failure. Structurally diverse 3,4-dioxygenated carbazole alkaloids 
such as neocarazostatins7 and carbazomycins8-9 were isolated from different Streptomyces 
species and accounted for an unprecedented class of antibiotics with a carbazole framework. 
Moreover, neocarazostatin B strongly inhibits free radical-induced lipid peroxidation,7 and 






















Bioactive natural products containing 4-hydroxycarbazole moiety (shown in red)
Scheme  1. Representative bioactive natural and synthetic products containing 
4-hydroxycarbazole moiety
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In our previous synthesis of bicyclic oxazolidinones from quinols and isocyanates,10 
quinols were transformed into the carbamate intermediate followed by an aza-Michael 
process to afford oxazolidinones (Scheme 2a). We then accounted the ortho-ester N-aryl 
oxazolidinones as the precursors of making 1-hydroxyacridones via a carbamation/Michael 
Addition/mixed Claisen condensation/decarboxylative aromatization cascade, described in 
chapter one (Scheme 2b).  
a. Previous work: synthesis of oxazolidinones












































































Scheme 2. Our methods on the heterocycles from quinols (a) synthesis of oxazolidinones 
(b) Synthesis of 1-hydroxiacridones via oxazolidinones (c) Our approach towards 4-
hydroxycarbazole formation via Pd-catalyzed intramolecular alpha-arylation of enolates 
In continuation with our interest in the developing synthetic methods of biological active 
heterocycles from quinols, herein, we report a carbazole formation through a sequence of 
base mediated enolization, palladium catalyzed intramolecular α-arylation of enolate, and 
decarboxylation/aromatization (Scheme 2c). 
Transition metal-catalyzed inter- and intramolecular α-arylation of carbonyl keto groups 
has been an intense research subject for four decades.11 The formation of Csp3-Csp2 bonds 
involves the transition metal-catalyzed direct coupling of aryl halides with in situ generated 
enolates under basic conditions. The pioneering work was reported by Semmelhack et al. in 
1975 where a Ni(COD)2 mediated intramolecular α-arylation of enolate with iodoaryl was 
realized in 28% yield in the key step of total synthesis of cephalotaxus alkaloids.12 Twenty-
two years later, Natsume et al. reported the synthesis of phenol containing heterocycles via 
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palladium-catalyzed intramolecular arylation of (hetero)arylmethyl ketones,13 who also 
screened various bases and solvents and concluded that Cs2CO3 worked better than NaH, 
KOtBu, and K2CO3, and less polar solvent was superior in suppressing the competing 
intermolecular aldol reaction.14 In the same year, 1997, Buchwald,15 Hartwig,16 and Miura17 
independently developed palladium-catalyzed intermolecular α-arylation of ketones and aryl 
halides where the combination of a base and a catalyst system consisting of Pd(II) or Pd(0) 
and a suitable phosphine ligand was found to be applicable, methods from the first two 
mentioned groups were practical, Miura’s report primarily focused on arylation of phenols. 
The reaction is believed to proceed via a sequence of oxidative addition of the aryl halide to 
a Pd(0), this Pd(II) organometallic intermediate would go through ligand exchange of the 
halide by the sodium enolate which is generated in situ to form palladium-enolate complex 
which after reductive elimination would afford the α-arylated carbonyl compounds. Even 
though this is the schematic catalytic cycle which does not explain the nature of the 
influence of the base, ligand and the solvent in the arylation reaction, the rich electronic and 
sterically hindered environment of the metal center should both facilitate the oxidative 
addition and reductive elimination steps.18 The rich literatures on the arylation chemistry 
provided us with the starting point for screening of the reaction conditions and we initiated 
the experiment by applying conditions shown in Miura’s and Buchwald’s report.19-20 
Results and Discussion 
In an initial experiment, oxazolidinone 1a was treated with 0.3 equiv Pd(OAc)2, 0.6 equiv 
PPh3, 2 equiv KOtBu in toluene under microwave radiation (µW) at 105oC for 30 min. To our 
delight, the desired 1-methyl-4-hydroxyl carbazole 2a was obtained in 12% yield and the 
side product diphenylamine 4a in 50% yield, with a trace amount of starting material 1a 
recycled (Table 1, entry 1). Despite the low yield, this result clearly indicated that the 
anticipated transition metal catalyzed strategy was feasible for this α-arylation of 
enolate/decarboxylation process. We reasoned that the low yielding may be due to the use 
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of a strong base which leads to abstraction of β-proton  to give rise to the aromatized side 
product 4a.  We switched to apply the weak base K2CO3 with other parameters remaining 
the same, although 50% starting material was recycled, there was 13% desired carbazole 
2a obtained, and the α-arylation intermediate 3a isolated (table1, entry 2) in 11% yield with 
the structure determined by x-ray diffraction analysis (Figure 1) which clearly supported our 
assumption on the role of basicity during the multistep transformation. At this point we also 
questioned if microwave radiation was the ideal heat source for this process (table 1, entry 
3), and the likelihood between the transformations of the tetracyclic intermediate 3a, side 
product 4a to carbazole 2a through decarboxylative aromatization and palladium-catalyzed 
intramolecular C-H arylation, respectively. The former was proved to be liable in a later 
experiment where decarboxylation happened after having the α-arylation intermediate 
dissolved in MeOH and stored in the fridge for two days. The latter was tested by heating 
diphenylamine 4a with Pd(OAc)2/PPh3 pair and KOtBu in toluene, after which the conversion 
to carbazole 2a was observed on the thin-layer chromatography (TLC) (see supporting 
information, scheme 3). However, among the literatures oxidant should be present in order 
to achieve catalytic C-H arylation, we chose to stay focused on finding the conditions 
favoring the pathway which leads to enolate α-arylation. Next, an extensive examination of 
palladium sources and ligands with different steric and electronic properties along with 
assorted bases was conducted under thermal condition with varied temperature and 
reaction time (table 1, entries 4-21). Eventually, the most efficient transformation was 
shown to perform at 105oC in a sealed tube for 10h with Pd(OAc)2, racemic-BINAP chosen 
as the metal/ligand pair, and K2CO3 as the base in toluene to afford carbazole 2a with 74% 
isolated yield (entry 22). A control study showed the critical role of palladium in realizing 
such transformation (table 1, entry 23). In a trial aiming to trap the α-arylation 
intermediate 3a we switched the heating source to microwave radiation and isolated this 
tetracyclic compound in 24% yield along with 16% carbamate 1a recycled (Table 1, entry 
24). 
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After my defense, Prof. Grohmann suggested that we should try benzyne chemistry with 
the o-bromoaryl oxazolidinones 1, the cyclization would proceed under the strong basic 
condition via benzyne intermediates, and the order of ring closure and decarboxylative 
rearomatization would not matter under this context. We tried one condition and it worked 
to some extent, with substrate 1a reaction with freshly made lithium diethylamide in four 
fold excess for 2 h at room temperature, both the starting material 1a and the desired 
carbazole 2a were observed on the LC/MS analysis with a ratio of 1:7.6, along with 
decarboxylative side product 4a being the major species (Table 1, entry 25). Also the 
debromo-decarboxylative side product appeared which was not isolated when palladium was 
used to catalyze the reaction (see supporting information, Scheme 4). 
As for now, the Pd-catalyzed reaction seems to be more efficient than the benzyne 
chemistry in realizing synthesis of carbazoles from o-bromo N-aryl oxazolidinones. However, 
the side product 4a could be transformed to the desired product 4a via a benzyne 
intermediate as well, and the debromo-decarboxylative side product was obtained after 
quenching the reaction mixture. Although we did not have the isolated yield to support that 
1a was effectively converted to both the desired product and the intermediates leading to 
the product, we believe that the transformation from oxazolidinone to carbazole via benzyne 
could be practical.   
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1 Pd(OAc)2(0.3) PPh3 (0.6) KO
tBu Tol 105/µW 0.5 trace/12/--/50b 
2 Pd(OAc)2 (0.3) PPh3 (0.6) K2CO3 Tol 105/µW 0.5 50/13/11/--
b 
3 Pd(OAc)2 (0.3) PPh3 (0.6) K2CO3 Tol 105/sealed tube 10 --/34/--/--
b 
4 Pd(OAc)2 (0.2) (tBu)2PMe (0.4) K2CO3 Tol 105/sealed tube 10 5/51/--/-- 
5 Pd(OAc)2 (0.1) Cy3PHBF4 (0.2) NaO
tBu Tol 105/sealed tube 10 --/10/--/48b 
6 Pd(OAc)2 (0.3) 
tBu2PMeHBF4 (0.6) Cs2CO3 Tol 105/sealed tube 10 --/26/--/-- 
7 Pd(OAc)2 (0.04) (
tBu)2P(C5H11)HBF4 (0.05) NaO
tBu Tol 105/sealed tube 10 --/--/--/32 
8 Pd(OAc)2 (0.1) dppe (0.2) K2CO3 Tol 105/sealed tube 10 --/11/--/-- 
9 Pd(OAc)2 (0.1) dppp (0.2) K2CO3 Tol 105/sealed tube 10 --/30/--/-- 
10 Pd(OAc)2 (0.1) dppb (0.2) K2CO3 Tol 105/sealed tube 10 --/19/--/-- 
11 Pd(OAc)2 (0.1) XPhos (0.2) Cs2CO3 Tol 105/sealed tube 10 --/45/--/-- 
12 Pd(OAc)2 (0.1) CyJohnPhos (0.2) K2CO3 Tol 105/sealed tube 10 --/13/--/20 
13 Pd(OAc)2 (0.1) Xantphos (0.2) K2CO3 Tol 105/sealed tube 10 --/19/--/3 
14 Pd(OAc)2 (0.1) Davephos (0.2) K2CO3 Tol 105/sealed tube 10 --/27/--/4 
15 Pd(OAc)2 (0.1) NHC (0.2) K2CO3 Tol 105/sealed tube 10 --/--/--/-- 
16 Pd(OAc)2 (0.1) (±)-BINAP (0.12) LiN(TMS)2 THF 105/sealed tube 10 --/8/--/80 
17 Pd2(dba)3 (0.3) -- Cs2CO3 Tol 105/sealed tube 10 --/--/--/4 
18 Pd2(dba)3 (0.2) (±)-BINAP (0.24) KO
tBu dioxane 105/sealed tube 10 --/--/--/-- 
19 Pd(PPh3)4 (0.2) -- KO
tBu THF 105/sealed tube 10 --/17/--/43 
20 Pd(PPh3)4 (0.2) PPh3 (0.4) K2CO3 Tol 105/sealed tube 10 --/26/--/-- 
21 Pd(PPh3)4 (0.1) (
tBu)2P(C5H11)HBF4 (0.2) KO
tBu Tol 105/sealed tube 10 --/13/--/8 
22 Pd(OAc)2 (0.1) (±)-BINAP (0.12) K2CO3 Tol 105/sealed tube 10 --/80/--/--
c 
23 -- (±)-BINAP (0.12) K2CO3 Tol 105/sealed tube 10 No reaction 
24 Pd(OAc)2 (0.1) (±)-BINAP (0.12) K2CO3 Tol 105/µW 0.5 27/16/24/--
b 
25 -- -- nBuLi/Et2NH THF -78 then r.t. 2 1/7.6/--/11.3
d 
(a) Yields refer to GC yield unless otherwise noted; short dashed line indicated was not detected. (b) Yield refers to 
the isolated yields after silica gel flash column chromatography separation; short dashed line represents no yield 
recorded after separation. (c) 2a was isolated in 74%yield after silica gel flash column chromatography. (d). 
cyclization was realized through a benzyne intermediate, yield refers to the conversion from the LC/MS analysis. 
dppe = 1,2-Bis(diphenylphosphino)ethane, dppp = 1,4-Bis(diphenylphosphino)propane, dppb = 1,4-
Bis(diphenylphosphino)butane.





We next explored the scope of this arylation process towards the synthesis of 
substituted 4-hydroxycarbazoles. As shown in Table 2, the palladium-catalyzed 
intramolecular α-arylation proceeded smoothly from the oxazolidinones to give the 
Figure 1. X-ray for 3a 
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corresponding carbazoles in good to excellent yields. Notably, tetracyclic intermediates 3l, 
3m and 3n were isolated which provided further evidence on the proposed transformation 
cascade.  


















































































2k 3l 3m 3n
a. Yield refers to isolated products after silica gel flash column chromatography.
Carbazomycin B and G (Figure 2) were isolated from Streptoverticillium ehimense H
1051-MY 10 by Nakamura and co-workers in 19808-9. Structurally, carbazomycin B and G 
are tricyclic carbazole alkaloids containing a fully substituted benzene ring, also 
carbazomycin G has unique structural characters with a quinol ring and a stereogenic center. 
The highly complex substitution patterns and promising antifungal activities21-22 of these 












Figure 2. Structures of carbazomycin B and G 
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A short total synthesis towards carbazomycin B and G by applying the present Pd-
catalyzed carbazole formation protocol through a common intermediate is shown in Scheme 
3. Oxidation of 2-methoxy-3,4-dimethylphenol30 s2 by oxone afforded quinol s3 in 30%
yield. Catalytical stereoselective aza-Michael addition of s3 to 2-bromophenyl isocyanate 
under the standard reaction conditions10 reported previously afforded adduct oxazolidinone 
1o in 49% yield. Palladium catalyzed intramolecular α-arylation of 1o afforded 3o (condition 
shown in table 1 entry 24 was applied, only was obtained rearomatized byproduct; KOtBu 
was then substituted by K2CO3 and reaction was performed under µW radiation at 105oC for 
30min), which served as the key intermediate to give access to both carbazomycin B and G 
in 32% yield with 57% starting material 1o recycled. Carbazomycin B was accidently 
obtained after 3o was dissolved in methanol for collecting high resolution mass spec data. 
The sample was stored in fridge for days before the mass spec facility was available and 
during which decarboxylation happened to afford carbazomycin B in quant. yield. On an 
event of applying the standard Pd-protocol to carbazole synthesis carbazomycin B was  
obtained quantitatively as well (see supporting information, Scheme 3).   
Scheme 3. Synthetic pathway of carbazomycin B and G from trisubstituted phenol s2 
To complete the divergent synthesis of carbazomycin G, efforts have been made in 
oxidizing the C4a and C9a bond of 3o after which hydrolysis would be followed to give access 
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were investigated and all failed but recovered 3o only (DDQ in CH2Cl2, FeCl3 in toluene, 
FeCl3 in DMF). When we looked at the x-ray diffraction structure of intermediate 3o (Figure 
3) we reasoned that the unsuccessful oxidation of C4a and C9a bond may be due to the
increased strain inherent in the molecule and thus made such transformation unfavorable. A 
DFT optimization also disclosed a 46.8kcal/mol enthalpy uphill inherited by the oxidation 
product. Therefore, further experiments would be conducted on examining a library of 
oxidants.  
In summary, synthesis of 4-hydoxycarbazoles from quinols was realized through a 
carbamation/Michael/enolate-aryl coupling/aromatization sequence. This methodology was 
also applied to a short total synthesis of carbazomycin B. An extensive exploration of 
oxidants would be required in order to complete total synthesis of carbazomycin G.  
Experimental Section 
General Methods 
All reactions were carried out under dry nitrogen in oven-dried glassware, unless the 
procedure states otherwise. Anhydrous methylene chloride (CH2Cl2) was distilled from 
phosphorus pentoxide, toluene (tol) was distilled from sodium, and tetrahydrofuran (THF) 
was distilled from sodium under nitrogen atmosphere. All reactions were performed under 
nitrogen protection and gas exchange was done with a nitrogen balloon and house vacuum. 
Reagents purchased from commercial sources were used as received or synthesized 
following literature procedures were recrystallized if it was applicable. Reactions were 
monitored by thin-layer chromatography (TLC) which was developed on Silicycle SiliaPlate 
TLC glass backed plates with pre-coated silica gel 60 bearing an F-254 UV indicator and 
visualized by exposure to ultraviolet light or stained with ceric ammonium molybdate 
followed by heating on a heat gun. Preparative thin-layer chromatography (prep TLC) was 
done on the same TLC plates with the proper thickness. Column chromatography was 
72
performed over silica gel with porosity of 60 angstrom and particle size of 40-63 microns. 1H 
and 13C NMR spectra were recorded on Bruker 400, 500 and 600 MHz spectrometers. 
Chemical shifts (δ values) were reported in ppm downfield from internal residual solvent 
peaks. Mass spectrometric data were measured by the late Dr. Cliff Soll and Dr. Barney Yoo 
at Hunter College mass spectrometry facility and taken on an Agilent 6520A Q-TOF 
spectrometer using electrospray ionization. All GC analyses were performed in Bisco lab at 
City College on a Shimadzu GC-2010 gas chromatograph with an FID detector using a 25 m 
x 0.20 mm capillary column with cross-linked methyl siloxane as the stationary phase. All 
GC yields were calibrated using dodecane as an internal standard. The X-ray crystallography 
experiments were performed on Bruker Kappa X8 Apex II diffractometer by Dr. Michelle 
Neary at Hunter College X-ray facility and Bruker AXS Smart Apex II single crystal 
diffractometer by Dr. Chunhua Hu at Department of Chemistry, New York University. 
Microwave reactions were conducted on CEM Discover SP reactor. Infrared spectra were 
collected on Thermo Nicolet IR100 spectrometer.  
Experimental Procedures and analytical data 
1. Synthesis of oxazolidinones
      The p-quinols used in the synthesis of oxazolidinones and carbazoles are a smaller 
collection in comparing with what were used in the synthesis of acridones, which all have 


















Scheme 4. Synthesis of oxazolidinones from p-quinols 
General procedure for the synthesis of N-aryl oxazolidinones 1a-1n. Method A. 
To a solution of substituted p-quinol I (1 mmol) and ortho-bromo aryl isocyanate II (1.1 
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mmol) in methylene chloride (10 ml) was added DBU (0.15 mmol) dropwise, the reaction 
was stirred at room temperature for 30 min until the complete consumption of p-quinol, 
monitored by TLC analysis. The reaction was diluted with CH2Cl2 (5 ml), quenched by 
saturated aq. NH4Cl (10 ml) and then extracted with EtOAc (2 x 10 ml). The organic layer 
was combined and washed with water (20 ml), brine (20 ml), dried over Na2SO4, then 
concentrated in vacuo. The residue was purified by silica gel flash column chromatography 
to provide N-aryl oxazolidinone 1 as colorless needle-like crystals. 
3-(2-bromophenyl)-7a-methyl-3a,7a-dihydrobenzo[d]oxazole-
2,5(3H,4H)-dione (1a) 
95% yield, colorless needle-like crystals; Rf = 0.4 (EtOAc : hexane = 1:1); 
m.p. = 157-160 oC; 1H NMR (500 MHz, CDCl3) δ 7.58 (dd, J = 8.0, 1.1 
Hz, 1H), 7.29 (td, J = 7.6, 1.1 Hz, 1H), 7.21-7.17 (m, 1H), 7.03 (d, J = 7.7 Hz, 1H), 6.60 
(dd, J = 10.3, 1.5 Hz, 1H), 6.12 (d, J = 10.4 Hz, 1H), 4.59-4.58 (m, 1H), 2.53 (dd, J = 
17.6, 4.2 Hz, 1H), 2.36 (dd, J = 17.6, 2.3 Hz, 1H), 1.71 (s, 3H); 13C NMR (125 MHz, CDCl3) 
δ 193.9, 154.8, 145.4, 134.4, 133.9, 131.0, 129.5, 129.2, 123.8, 77.6, 62.5, 36.4, 23.5; 
missing carbamate-C; HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for C14H12BrNO3: 322.0079, 
found: 322.0071.  
3-(2-bromophenyl)-7a-ethyl-3a,7a-dihydrobenzo[d]oxazole-
2,5(3H,4H)-dione (1b) 
85% yield, colorless needle-like crystals; Rf = 0.4 (EtOAc : hexane = 
1:1); m.p. = 134-137 oC; 1H NMR (400 MHz, CDCl3) δ 7.64 (d, J = 7.9 
Hz, 1H), 7.34 (t, J = 7.6 Hz, 1H), 7.24 (t, J = 7.4 Hz, 1H), 7.10 (d, J = 7.2 Hz, 1H), 6.66 (d, 
J = 10.4 Hz, 1H), 6.22 (d, J = 10.4 Hz, 1H), 4.69 (apparently s, 1H), 2.57 (dd, J = 17.7, 
4.2 Hz, 1H), 2.37 (d, J = 17.6 Hz, 1H), 2.12-2.00 (m, 2H), 1.12 (t, J = 7.5 Hz, 3H); 13C 
NMR (125 MHz, CDCl3) δ 194.1, 154.7, 144.7, 134.4, 133.9, 130.9, 130.4, 129.1, 123.7, 














80% yield, colorless needle-like crystals; m.p. = 83-101 oC; 1H NMR 
(400 MHz, CDCl3) δ 7.67 (d, J = 8.0 Hz, 1H), 7.38 (t, J = 7.6 Hz, 1H), 
7.30-7.26 (m, 1H), 7.11 (d, J = 7.7 Hz, 1H), 6.70 (dd, J = 10.4, 1.1 Hz, 1H), 6.26 (d, J = 
10.4 Hz, 1H), 4.71 (apparently s, 1H), 2.57 (dd, J = 17.7, 4.4 Hz, 1H), 2.46 (dd, J = 17.7, 
2.3 Hz, 1H), 2.11-1.96 (m, 2H), 1.66-1.55 (m, 2H), 1.07 (t, J = 7.3 Hz, 3H); 13C NMR (100 
MHz, CDCl3) δ 194.1, 154.8, 145.0, 134.5, 134.0, 131.0, 130.3, 129.2, 123.8, 79.8, 60.9, 
39.4, 36.9, 17.2, 14.6; missing carbamate-C; HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d 
for C14H12BrNO3: 322.0079, found: 322.0071.  
3-(2-bromophenyl)-7a-isopropyl-3a,7a-
dihydrobenzo[d]oxazole-2,5(3H,4H)-dione (1d) 
84% yield, colorless needle-like crystals; m.p. = 123-127 oC; 1H NMR 
(500 MHz, CDCl3) δ 7.62 (d, J = 7.9 Hz, 1H), 7.32 (t, J = 7.5 Hz, 1H), 
7.23 (t, J = 7.5 Hz, 1H), 7.07 (br s, 1H), 6.65 (d, J = 10.5 Hz, 1H), 6.27 (d, J = 10.5 Hz, 
1H), 4.68 (apparently s, 1H), 2.51 (dd, J = 17.8, 4.0 Hz, 1H), 2.40 (d, J = 17.8 Hz, 1H), 
2.31 (sept, J = 6.8 Hz, 1H), 1.13 (d, J = 6.8 Hz, 3H), 1.10 (d, J = 6.8 Hz, 3H), 1.07 (t, J = 
7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 194.4, 154.5, 143.8, 134.2, 133.7, 131.2, 130.9, 
129.0, 123.6, 82.0, 58.5, 37.7, 35.2, 17.3, 16.7; missing carbamate-C; HRMS (ESI/Q-TOF) 
m/z: [M+H]+ calc’d for C16H16BrNO3: 352.0386, found: 352.0383; [M+Na]+ calc’d for 














A pair of inseparable atropisomers. m.p. = 237-241 oC; 
3-(2-bromophenyl)-7a-phenyl-3a,7a-dihydrobenzo[d]oxazole-
2,5(3H,4H)-dione (1f) 
78% yield, colorless needle-like crystals; m.p. = 152-156 oC; 1H 
NMR (500 MHz, CDCl3) δ 7.68 (d, J = 8.0 Hz, 1H), 7.58 (d, J = 7.3 
Hz, 1H), 7.53-7.46 (m, 3H), 7.39 (t, J = 7.6 Hz, 1H), 7.29 (t, J = 7.6 Hz, 1H), 7.14 (d, J = 
7.7 Hz, 1H), 6.85 (d, J = 10.3 Hz, 1H), 6.48 (d, J = 10.3 Hz, 1H), 4.78 (apparently s, 1H), 
2.68 (dd, J = 17.8, 4.1 Hz, 1H), 2.47 (d, J = 17.8 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 
194.1, 154.7, 143.6, 137.0, 134.5, 133.8, 131.2, 130.8, 130.0, 129.7, 129.3, 125.6, 80.9, 
64.3, 35.8; HRMS (ESI/Q-TOF) m/z: [M+H]+  calc’d for C19H14BrNO3: 384.023, found: 
384.0225; calc’d for C19H14BrNO3 [M+Na]+: 406.0049, found: 406.0045. 
4-(3-(2-bromophenyl)-2,5-dioxo-3,3a,4,5-
tetrahydrobenzo[d]oxazol-7a(2H)-yl)benzonitrile 
Later the substrate was applied with the developed palladium 
chemistry but no carbazole was formed, observed on the LC/MS 
after 40 h, only the peak representing the starting material was shown. 80% yield, colorless 
needle-like crystals; Rf = 0.5 (EtOAc : hexane = 1:1); m.p. = 230-240 m.p. = 152-156 oC; 
HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for C20H13BrNO3: 409.0136, found: 409.0173; 
calc’d for C20H13BrNO3 [M+Na]+: 431.0002, found: 430.9996. 
3-(2-bromophenyl)-7a-isopropyl-7-methyl-3a,7a-
dihydrobenzo[d]oxazole-2,5(3H,4H)-dione (1g) 
64% yield, colorless needle-like crystals; Rf = 0.4 (EtOAc : hexane = 
1:2); m.p. = 159-164 oC; 1H NMR (500 MHz, CDCl3) δ 7.63 (d, J = 8.0 























4.78 (br s, 1H), 2.55 (sept, J = 7.0 Hz, 1H), 2.46 (dd, J = 17.9, 3.9 Hz, 1H), 2.37 (d, J = 
17.9 Hz, 1H), 2.08 (s, 3H), 1.26 (d, J = 6.7 Hz, 3H), 0.96 (d, J = 7.3 Hz, 3H); 13C NMR 
(125 MHz, CDCl3) δ 193.5, 155.6, 154.6, 134.1, 133.4, 132.9, 130.8, 129.8, 128.9, 123.2, 
84.4, 55.4, 37.8, 31.1, 18.6, 16.7; HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for 




83% yield, colorless needle-like crystals; Rf = 0.3 (EtOAc : hexane = 
1:2); m.p. = 167-170 oC; 1H NMR (500 MHz, CDCl3) δ 7.59 (d, J = 8.0 
Hz, 1H), 7.32-7.29 (m, 1H), 7.22-7.19 (m, 1H), 7.05 (d, J = 7.5 Hz, 1H), 6.38 (s, 1H), 
4.57-4.56 (m, 1H), 2.56 (dd, J = 17.5, 4.1 Hz, 1H), 2.39 (dd, J = 17.5, 2.5 Hz, 1H), 1.82 
(d, J = 1.0 Hz, 3H), 1.70 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 194.5, 155.1, 140.8, 136.8, 
134.5, 134.1, br 131.3, 130.9, 129.2, 123.8, 78.3, 62.8, 36.7, 23.9, 16.1.  
3-(2-bromophenyl)-7,7a-dimethyl-3a,7a-
dihydrobenzo[d]oxazole-2,5(3H,4H)-dione (1i) 
66% yield, colorless needle-like crystals; Rf = 0.2 (EtOAc : hexane = 
1:2); m.p. = 203-205 oC; 1H NMR (500 MHz, CDCl3) δ 7.62 (d, J = 8.1 
Hz, 1H), 7.32 (t, J = 7.6 Hz, 1H), 7.22 (t, J = 7.6 Hz, 1H), 7.06 (d, J = 7.5 Hz, 1H), 6.04 (s, 
1H), 4.64-4.63 (m, 1H), 2.55 (dd, J = 17.7, 4.4 Hz, 1H), 2.36 (dd, J = 17.7, 1.8 Hz, 1H), 
2.10 (s, 3H), 1.77 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 193.3, 155.9, 154.8, 134.3, 133.8, 
132.6, 130.8, 129.0, 128.0, 124.7, 79.8, 63.1, 36.0, 22.2, 18.6. 
3-(2-bromophenyl)-3a,4,7,8,9,10-hexahydro-2H-naphtho[1,8a-
d]oxazole-2,5(3H)-dione (1j) 
80% yield, colorless needle-like crystals; m.p. = 231-235 oC; 1H NMR 
(500 MHz, CDCl3) δ 7.66 (d, J = 8.0 Hz, 1H), 7.38 (t, J = 7.6 Hz, 1H), 



















(apparently t, J = 3.7 Hz, 1H), 2.83 (tdd, J = 13.6, 4.7, 1.7 Hz, 1H), 2.55 (dd, J = 17.1, 4.5 
Hz, 1H), 2.45 (dd, J = 17.1, 2.9 Hz, 1H), 2.39 (apparently t, J = 13.1 Hz, 2H), 2.12-2.03 
(m, 2H), 1.94 (dd, J = 13.3, 4.3 Hz, 1H), 1.90-1.87 (m, 1H), 1.54-1.44 (m, 1H); 13C NMR 
(125 MHz, CDCl3) δ 194.4, 158.5, 154.9, 134.4, 133.9, 131.8, 131.0, 129.2, 125.3, 123.7, 
79.6, 62.3, 37.5, 37.0, 32.7, 27.3, 21.9. 
3-(2-bromophenyl)-8b-methyl-3a,4,6,7,8,8b-hexahydro-2H-
indeno[5,4-d]oxazole-2,5(3H)-dione (1k) 
78% yield, colorless needle-like crystals; Rf = 0.2 (EtOAc : hexane = 
1:2); 1H NMR (500 MHz, CDCl3) δ 7.65 (dd, J = 8.1, 1.2 Hz, 1H), 
7.36 (td, J = 7.7, 1.4 Hz, 1H), 7.28-7.24 (m, overlapped with CHCl3, 1H), 7.10 (d, J = 7.6 
Hz, 1H), 4.65-4.64 (m, 1H), 2.99-2.92 (m, 1H), 2.73-2.67 (m, 2H), 2.62-2.56 (m, 2H), 
2.44 (dd, J = 17.6, 2.4 Hz, 1H), 2.08-1.96 (m, 2H), 1.80 (s, 3H); 13C NMR (125 MHz, 
CDCl3) δ 191.9, 158.6, 139.6, 134.4, 134.1, 130.9, 129.2, 128.7, 125.3, 78.9, 64.2, 37.6, 
32.8, 30.0, 22.5, 21.8; HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for C17H16BrNO3: 362.0386, 
found: 362.0388; calc’d for C17H16BrNO3 [M+Na]
+: 386.0187, found: 386.0187. 
3-(2-bromophenyl)-4,6,7a-trimethyl-3a,7a-
dihydrobenzo[d]oxazole-2,5(3H,4H)-dione (1l) 
88% yield, colorless needle-like crystals; Rf = 0.4 (EtOAc : hexane = 
1:2); m.p. = 112-122 oC; 1H NMR (400 MHz, CDCl3) δ 7.63 (d, J = 
8.0 Hz, 1H), 7.33 (t, J = 7.6 Hz, 1H), 7.25 (t, J = 7.6 Hz, 1H), 7.10 (d, J = 7.6 Hz, 1H), 
6.34 (s, 1H), 4.77 (br s, 1H), 2.80 (qd, J = 7.1, 2.7 Hz, 1H), 1.91 (s, 3H), 1.77 (s, 3H), 
0.73 (d, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 197.5, 155.8, 139.2, 136.9, 134.2, 






A pair of separable atropisomers 
Major (1m-1): 58% yield, colorless needle-like crystals; Rf = 0.5 
(EtOAc : hexane = 1:1); m.p. = 181-184 oC; 1H NMR (500 MHz, CDCl3) δ 7.72 (dd, J = 8.1, 
1.4 Hz, 1H), 7.36 (td, J = 7.6, 1.4 Hz, 1H), 7.28-7.25 (m, overlapped with CHCl3, 1H), 6.98 
(dd, J = 7.9, 1.6 Hz, 1H), 6.14 (s, 1H), 2.68 (d, J = 17.2 Hz, 1H), 2.51 (d, J = 17.2 Hz, 1H), 
2.19 (d, J = 1.3 Hz, 3H), 1.73 (s, 3H), 1.45 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 194.4, 
157.7, 153.7, 135.1, 133.0, 132.6, 130.8, 128.9, 128.3, 125.6, 82.8, 68.3, 44.9, 23.1, 
19.4, 18.8. 
Minor (1m-2): 24% yield, colorless needle-like crystals; Rf = 0.4 (EtOAc : hexane = 1:1); 
m.p. = 183-188 oC; 1H NMR (500 MHz, CDCl3) δ 7.67 (dd, J = 8.0, 1.2 Hz, 1H), 7.38 (t, J 
= 7.6 Hz, 1H), 7.30-7.26 (m, overlapped with CHCl3, 1H), 7.26-7.25 (m, overlapped with 
CHCl3, 1H), 6.14 (s, 1H), 2.68 (d, J = 17.2 Hz, 1H), 2.51 (d, J = 18.6 Hz, 1H), 2.30 (d, J = 
18.6 Hz, 1H), 2.20 (d, J = 1.1 Hz, 3H), 1.68 (s, 3H), 1.58 (s, 3H); 13C NMR (125 MHz, 
CDCl3) δ 193.1, 157.6, 154.6, 135.0, 133.6, 131.2, 130.9, 128.9, 128.6, 126.3, 82.9, 67.7, 
41.8, 24.7, 19.3, 19.1. 
8-(2-bromophenyl)-2,3-dihydro-1H-3a,7a-
(epoxymethanoimino)indene-6,9(7H)-dione (1n) 
A pair of inseparable atropisomers 
78% yield, colorless needle-like crystals; Rf = 0.2 (EtOAc : hexane = 1:2); 
m.p. = 153-167 oC; HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for C16H14BrNO3: 348.023, 

































Scheme 5. Synthesis of 4-hydoxycarbazoles and oxazolo-carbazoles 
General procedure for preparation 4-hydoxycarbazoles 2a-2k, carbazomycin B, 
and oxazolo-carbazole 3l-3n. Method B. On the benchtop, o-bromoaryl oxazolidinone 1 
(0.05 mmol), Pd(OAc)2 (0.005 mmol), racemic BINAP (0.01 mmol) and potassium 
carbonate (0.1 mmol) were added to a 6 dr. screw-top glass cultural vial equipped with a 
stirbar which was sealed with a screw-top septum and electrical tape. Using a needle 
attached to a vacuum manifold, the reaction mixture was evacuated (ca. 100 mtorr) and 
backfilled with argon for 3 times. Toluene (2 mL) was then added via syringe. The septum 
was then covered with electrical tape, and the vessel was heated to 85 oC for 8 h. After 
cooling under room temperature, the reaction mixture was diluted with EtOAc (5 ml), 
quenched with 1M HCl (10 ml) and layers were separated. The aqueous layer was extracted 
with EtOAc (2 x 10 ml). The organic layers were combined and washed with brine (15 ml) 
and water (15 ml), dried over Na2SO4, then concentrated in vacuo. The residue was added 
1ml of EtOAc, applied sonication, and then filtered out through a celite plate. After washed 
with EtOAc (3 x 1 ml), the light brown solid was obtained after concentrated under vacuum 
to afford the desired product without further purification. Otherwise a quick column 
chromatography was applied accordingly to remove the trace amount impurities.  
 1-methyl-9H-carbazol-4-ol (2a) 
74% yield, light brown solid; Rf = 0.5 (EtOAc : hexane = 1:4); m.p. = 
196-200 oC; 1H NMR (500 MHz, CDCl3) δ 8.27 (d, J = 7.7 Hz, 1H), 7.98 
(br s, 1H), 7.45 (d, J = 7.8 Hz, 1H), 7.41-7.38 (m, 1H), 7.26 (t, J = 7.5 Hz, 1H), 7.04 (d, J 





CDCl3) δ 150.4, 140.6, 139.1, 127.0, 125.3, 123.2, 123.1, 120.1, 112.4, 111.6, 110.5, 




24% yield, white solid; Rf = 0.2 (EtOAc : hexane = 1:2); 1H NMR (400 
MHz, CDCl3) δ 7.46 (d, J = 7.7 Hz, 1H), 7.43 (d, J = 7.9 Hz, 1H), 7.31 (d, 
J = 7.6 Hz, 1H), 7.11 (t, J = 7.6 Hz, 1H), 6.74 (dd, J = 10.5, 1.1 Hz, 1H), 6.06 (d, J = 10.5 
Hz, 1H), 5.07 (dd, J = 9.3, 1.2 Hz, 1H), 3.99 (d, J = 9.3 Hz, 1H), 1.82 (s, 3H); 13C NMR 
(125 MHz, CDCl3) δ 191.2, 154.0, 146.7, 139.8, 131.6, 130.0, 128.7, 126.7, 125.5, 115.0, 
77.9, 66.1, 47.4, 26.6. 
1-ethyl-9H-carbazol-4-ol (2b) 
81% yield, light brown solid; m.p. = 150-157 oC; 1H NMR (500 MHz, 
CDCl3) δ 8.27 (d, J = 7.6 Hz, 1H), 7.99 (br s, 1H), 7.43 (d, J = 7.8 Hz, 
1H), 7.40-7.37 (m, 1H), 7.24 (t, J = 7.3 Hz, 1H), 7.06 (d, J = 7.9 Hz, 1H), 
6.53 (d, J = 7.7 Hz, 1H), 5.23 (br s, 1H), 2.84 (q, J = 7.5 Hz, 2H), 1.36 (t, J = 7.5 Hz, 3H); 
13C NMR (125 MHz, CDCl3) δ 150.4, 139.9, 139.1, 125.3, 125.2, 123.15, 123.06, 120.0, 
118.8, 111.7, 110.4, 105.3, 24.0, 14.4. 
1-propyl-9H-carbazol-4-ol (2c) 
76% yield, white solid; Rf = 0.6 (EtOAc : hexane = 1:2); m.p. = 135-141 
oC; 1H NMR (500 MHz, CDCl3) δ 8.28 (d, J = 7.8 Hz, 1H), 8.00 (br s, 1H), 
7.45 (d, J = 8.0 Hz, 1H), 7.41-7.38 (m, 1H), 7.25 (t, J = 7.3 Hz, 1H), 
7.05 (d, J = 7.8 Hz, 1H), 6.53 (d, J = 7.9 Hz, 1H), 5.29 (br s, 1H), 2.80 (t, J = 7.6 Hz, 2H), 
1.78 (sext, J = 7.3 Hz, 2H), 1.03 (t, J = 7.3 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 150.4, 
140.2, 139.0, 126.3, 125.3, 123.1, 123.0, 120.0, 117.3, 111.8, 110.4, 105.3, 33.2, 23.3, 













75% yield, light brown solid; m.p. = 180-183 oC; 1H NMR (600 MHz, 
CDCl3) δ 8.29 (d, J = 7.7 Hz, 1H), 8.06 (br s, 1H), 7.45 (d, J = 8.0 Hz, 
1H), 7.41 (t, J = 7.5 Hz, 1H), 7.27-7.25 (m, 1H), 7.13 (d, J = 7.9 Hz, 1H), 
6.57 (d, J = 7.9 Hz, 1H), 5.33 (br s, 1H), 3.23 (sept, J = 6.9 Hz, 1H), 1.41 (d, J = 6.9 Hz, 
6H); 13C NMR (125 MHz, CDCl3) δ 150.3, 139.4, 139.0, 125.3, 123.5, 123.09, 123.05, 
122.6, 120.0, 111.8, 110.4, 105.4, 29.2, 23.2; HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for 
C15H15NO: 226.1226, found: 226.1229; calc’d for C15H15NO [M+Na]+: 248.1046, found: 
248.1043. 
1-cyclohexyl-9H-carbazol-4-ol (2e) 
72% yield, light brown solid; m.p. = 197-201 oC; 1H NMR (500 MHz, 
CDCl3) δ 8.28 (d, J = 7.8 Hz, 1H), 8.06 (br s, 1H), 7.46 (d, J = 7.7 Hz, 
1H), 7.40 (t, J = 7.5 Hz, 1H), 7.26-7.23 (m, 1H), 7.10 (d, J = 7.9 Hz, 1H), 
6.56 (d, J = 7.9 Hz, 1H), 5.23 (br s, 1H), 2.81 (tt, J = 11.5, 3.0 Hz, 1H), 
2.03 (d, J = 13.3, 2H), 1.93 (d, J = 13.0, 2H), 1.84 (d, J = 14.6, 1H), 1.62-1.47 (m, 4H), 
1.34 (qt, J = 12.6, 3.4 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 150.2, 139.5, 139.0, 125.3, 
123.14, 123.10, 123.03, 122.9, 119.9, 111.8, 110.4, 105.4, 39.7, 33.8, 27.5, 26.6; HRMS 
(ESI/Q-TOF) m/z: [M+H]+ calc’d for C18H19NO: 266.1539, found: 266.1541. 
1-phenyl-9H-carbazol-4-ol (2f) 
96% yield, light brown solid; 1H NMR (500 MHz, CDCl3) δ 8.34 (br s, 1H), 
8.32 (d, J = 7.9 Hz, 1H), 7.65 (d, J = 7.6 Hz, 2H), 7.54 (t, J = 7.7 Hz, 2H), 
7.42-7.40 (m, 3H), 7.29-7.26 (m, 2H), 6.68 (d, J = 8.0 Hz, 1H), 5.41 (br 
s, 1H); 13C NMR (125 MHz, CDCl3) δ 151.7, 139.2, 139.1, 133.4, 132.3, 129.6, 128.6, 
127.4, 127.1, 126.8, 125.6, 123.1, 120.2, 118.5, 110.5, 106.0; HRMS (ESI/Q-TOF) m/z: 












82% yield, white solid; Rf = 0.7 (EtOAc : hexane = 1:2); m.p. = 140-
144 oC; 1H NMR (500 MHz, CDCl3) δ 8.28 (d, J = 7.8 Hz, 1H), 7.87 (br 
s, 1H), 7.43 (d, J = 8.0 Hz, 1H), 7.40-7.37 (m, 1H), 7.26-7.23 (m, 1H), 6.98 (s, 1H), 5.10 
(br s, 1H), 2.46 (s, 3H), 2.38 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 148.1, 139.4, 139.1, 
129.3, 125.2, 123.1, 122.9, 119.8, 112.2, 111.8, 111.7, 110.5, 16.4, 15.1. 
1,2-dimethyl-9H-carbazol-4-ol (2h) 
Quant. yield, white solid; Rf = 0.6 (EtOAc : hexane = 1:2); m.p. = 
166-169 oC; 1H NMR (500 MHz, CDCl3) δ 8.21 (d, J = 7.8 Hz, 1H), 7.89 
(br s, 1H), 7.42 (d, J = 8.0 Hz, 1H), 7.37 (t, J = 7.5 Hz, 1H), 7.24 (t, J = 7.3 Hz, 1H), 6.44 
(s, 1H), 5.20 (br s, 1H), 2.39 (s, 3H), 2.36 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 149.5, 
141.2, 139.2, 134.7, 129.6, 124.9, 123.4, 122.7, 119.9, 110.4, 109.8, 107.9, 20.1, 13.0; 
HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for C14H13NO: 212.107, found: 212.1071. 
1-isopropyl-2-methyl-9H-carbazol-4-ol (2i) 
71% yield, light brown solid; 1H NMR (500 MHz, CDCl3) δ 8.25 (d, J = 
7.7 Hz, 1H), 7.17 (br s, 1H), 7.47 (d, J = 8.1 Hz, 1H), 7.39 (t, J = 7.6 
Hz, 1H), 7.23 (t, J = 7.6 Hz, 1H), 5.33 (s, 1H), 3.62 (sept, J = 7.2 Hz, 
1H), 2.13 (s, 3H), 1.55 (d, J = 7.2 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ 148.8, 140.0, 
139.1, 133.8, 125.2, 123.1, 122.7, 121.7, 120.1, 111.4, 110.7, 110.2, 29.0, 22.2, 17.2; 
HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for C16H17NO: 240.1383, found: 240.1381. 
2,3,4,11-tetrahydro-1H-benzo[a]carbazol-6-ol (2j) 
55% yield, light brown solid; m.p. = 153-159 oC; 1H NMR (500 MHz, 
CDCl3) δ 8.21 (d, J = 7.8 Hz, 1H), 7.91 (br s, 1H), 7.42 (d, J = 8.1 Hz, 
1H), 7.37-7.34 (m, 1H), 7.23 (t, J = 7.4 Hz, 1H), 6.34 (s, 1H), 5.20 (br 
s, 1H), 2.87-2.84 (m, 2H), 2.83-2.80 (m, 2H), 1.97-1.93 (m, 2H), 1.90-1.85 (m, 2H); 13C 














111.8, 110.5, 106.3, 30.1, 24.1, 23.6, 23.2; HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for 
C16H15NO: 238.1226, found: 238.1223. 
4-methyl-1,2,3,5-tetrahydrocyclopenta[b]carbazol-10-ol (2k)
Quant. yield, light brown solid; 1H NMR (500 MHz, CDCl3) δ 8.23 (d, 
J = 7.8 Hz, 1H), 7.84 (br s, 1H), 7.41 (d, J = 8.1 Hz, 1H), 7.36-7.33 
(m, 1H), 7.237.20 (m, 1H), 3.02 (t, J = 7.4 Hz, 2H), 2.97 (t, J = 7.4 Hz, 2H), 2.39 (s, 3H), 
2.22 (quint, J = 7.4 Hz, 2H); 13C NMR (125 MHz, CDCl3) δ 145.6, 142.9, 140.0, 139.4, 
124.6, 123.4, 122.6, 119.7, 119.1, 110.6, 110.3, 107.6, 32.3, 28.4, 26.0, 13.7; HRMS 
(ESI/Q-TOF) m/z: [M+H]+ calc’d for C16H15NO: 238.1226, found: 238.1226.  
2a,4,5a-trimethyl-2a1,5a-dihydro-1H-oxazolo[5,4,3-
jk]carbazole-1,5(2aH)-dione (3l) 
46% yield, white solid; 1H NMR (500 MHz, CDCl3) δ 7.39-7.37 (m, 2H), 
7.28 (t, J = 7.8 Hz, 1H), 7.11 (t, J = 7.6 Hz, 1H), 6.50-6.49 (m, 1H), 
4.69-4.68 (m, 1H), 1.79 (s, 3H), 1.78 (s, 3H), 1.69 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 
195.2, 153.9, 141.7, 139.2, 137.0, 135.4, 129.8, 125.6, 125.5, 114.6, 78.4, 73.9, 51.0, 




55% yield, white solid; Rf = 0.4 (EtOAc : hexane = 1:2); 1H NMR (500 
MHz, CDCl3) δ 7.40 (d, J = 8.1 Hz, 2H), 7.30 (t, J = 7.7 Hz, 1H), 7.09 
(t, J = 7.7 Hz, 1H), 5.94 (s, 1H), 3.56 (s, 1H), 2.12 (s, 3H), 1.69 (s, 3H), 1.60 (s, 3H); 13C 
NMR (125 MHz, CDCl3) δ 190.9, 159.8, 152.5, 138.3, 131.2, 127.6, 126.8, 125.3, 114.4, 
83.9, 70.0, 55.5, 30.1, 24.1, 20.3, 19.0; HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for 














Trace amount yield, white solid. 1H NMR (500 MHz, CDCl3) δ 8.23 (d, J 
= 7.7 Hz, 1H), 7.88 (br s, 1H), 7.41 (d, J = 7.9 Hz, 1H), 7.37-7.34 (m, 
1H), 7.25-7.22 (m, 1H), 6.52 (s, 1H), 5.23 (br s, 1H), 3.05-3.01 (m, 4H), 2.28-2.22 (m, 
2H); 13C NMR (125 MHz, CDCl3) δ 151.1, 144.0, 139.2, 137.8, 124.8, 123.4, 122.6, 120.3, 
120.0, 117.6, 110.4, 102.2, 33.8, 29.6, 26.0; HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for 
C15H13NO: 224.107, found: 224.1072. 
2,3-dihydro-1H-3a,11-(epoxymethano)cyclopenta[j]carbazole-
6,12(6aH)-dione (3n) 
A pair of inseparable isomers. 75% yield, white solid. mp = 137-142 oC;
HRMS (ESI/Q-TOF) m/z: [M+H]+ calc’d for C16H13NO3: 268.0968, found: 
268.0968; calc’d for C16H13NO3 [M+Na]+: 290.0788, found: 290.079. 
3-methoxy-1,2-dimethyl-9H-carbazol-4-ol (carbazomycin B) 
Quant. yield, light brown solid; Rf = 0.5 (EtOAc : hexane = 1:4); 
m.p. = 165-170 oC; 1H NMR (500 MHz, CDCl3) δ 8.25 (d, J = 7.6 
Hz, 1H), 7.79 (br s, 1H), 7.40-7.35 (m, 1H), 7.23 (t, J = 7.5 Hz, 1H), 6.08 (br s, 1H), 3.83 
(s, 3H), 2.40 (s, 3H), 2.37 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 142.3, 139.5, 138.7, 
137.0, 129.6, 127.3, 125.1, 123.5, 122.9, 119.8, 110.3, 109.6, 61.8, 13.6, 13.1; HRMS 
(ESI/Q-TOF) m/z: [M+H]+ calc’d for C15H15NO2: 242.1176, found: 242.1164; [M+Na]+ calc’d 















3. Synthesis of carbazomycin B and synthetic pathway towards carbazomycin 
G from trisubstituted phenol s1 
 
Scheme 6. Synthesis of carbazomycin B and synthetic pathway towards carbazomycin G from 
commercial trisubstituted phenol s1 
 
Figure 3. X-ray diffraction structure of 3o 
2-methoxy-3,4-dimethylphenol (s2)31 
66% yield, white solid; Rf = 0.6 (EtOAc : hexane = 1:4); 1H NMR (500 MHz, 
CDCl3) δ 6.81 (d, J = 8.1 Hz, 1H), 6.72 (d, J = 8.2 Hz, 1H), 5.46 (br s, 1H), 
3.76 (s, 3H), 2.19 (s, 3H), 2.18 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 147.0, 145.7, 129.7, 
129.6, 126.0, 112.5, 61.2, 19.7, 12.8.  
4-hydroxy-2-methoxy-3,4-dimethylcyclohexa-2,5-dien-1-one (s3)32 
30% yield, white solid; Rf = 0.2 (EtOAc : hexane = 1:4); 1H NMR (500 MHz, 
CDCl3) δ 6.83 (d, J = 10.0 Hz, 1H), 6.01 (d, J = 10.0 Hz, 1H), 3.65 (s, 3H), 
2.83 (br s, 1H), 1.98 (s, 3H), 1.41 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 182.0, 153.2, 




Method A was followed. 59% yield, white solid; Rf = 0.2 (EtOAc : 
hexane = 1:2); m.p. = 156-159 oC; 1H NMR (500 MHz, CDCl3) δ
7.59 (d, J = 4.0 Hz, 1H), 7.30 (t, J = 7.5 Hz, 1H), 7.21-7.18 (m, 1H), 7.04 (d, J = 7.6 Hz, 
1H), 4.54 (apparently s, 1H), 3.68 (s, 3H), 2.57 (dd, J = 17.6, 4.3 Hz, 1H), 2.43 (dd, J = 
17.5, 2.3 Hz, 1H), 2.00 (s, 3H), 1.75 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 188.9, 155.0,
149.4, 139.7, 134.5, 134.0, 130.9, 129.2, 123.8, 81.5, 62.6, 60.2, 36.7, 23.0, 11.9; 




Method B was followed, reaction was performed under microwave 
radiation at 105oC for 30 min. 32% yield, white solid; Rf = 0.5 
(EtOAc : Hexane = 1:2); 1H NMR (400 MHz, CDCl3) δ 7.44-7.40 (m, 2H), 7.31 (d, J = 7.7
Hz, 1H), 7.10 (t, J = 7.6 Hz, 1H), 4.99 (d, J = 9.7 Hz, 1H), 4.08 (d, J = 9.7 Hz, 1H), 3.50 (s, 
3H), 2.01 (s, 3H), 1.82 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 162.9, 154.4, 131.5, 131.1,
130.1, 126.3, 125.4, 125.0, 114.8, 82.5, 65.8, 59.6, 48.5, 26.3, 12.0; HRMS (ESI/Q-TOF) 
m/z: [M+H]+ calc’d for C16H15NO4: 286.1079, found: 286.1086.
4. Synthesis of carbazole 2a through benzyne intermediate
Scheme 7. Synthesis of carbazole 2a through benzyne intermediate 
To a tetrahydrofuran solution of lithium diethylamide, which was freshly prepared from 
diethylamine (232 mg, 3.2 mmol) and 2.5 M n-butyllithium in hexane (1.28 ml, 3.2 mmol), 
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a solution of o-bromo N-aryl oxazolidinone 1a (255 mg, 0.79 mmol) in tetrahydrofuran (10 
ml) was added at -40 oC with stirring under a nitrogen stream over 20 min period. The 
mixture was stirred for a further 2 h at room temperature, monitored by TLC and LC/MS 
analysis, where a ratio of 1a/2a/4a/5a was calculated to be 1/7.6/11.3/3.7.  LC/MS data 
was recorded on an Agilent Poroshell 120 SB-C18 column (2.7um, 2.1x50mm) at 45 
degrees C, using a linear gradient of 5-95% acetonitrile in water (0.1% formic acid) with a 
flow rate of 0.4 mL/min. 
The orange-yellow reaction mixture was cooled to 0 °C, quenched with ammonium 
chloride (30 ml), and then concentrated in vacuo. The residue was then diluted with ethyl 
acetate (20 ml), extracted with water (3 x 10 ml) and the organic layers were combined, 
and washed with a saturated aqueous solution of sodium chloride (20 ml). The solvent was 
removed under reduced pressure, and the residue was left upon chromatography isolation.  
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2,2-disubstituted 1,2-dihydro-3H-indolin-3-one, trivially known as pseudo-indoxyl or 3-
oxindole, is one of the privileged structural motifs present in many natural alkaloids and 
bioactive synthetic molecules. Owing to their intricate structures and promising biological 
activities, efforts have been devoted to the development of novel synthetic routes in 
efficient construction of the α,α-disubstituted indolin-3-one core towards the natural 
products. It is been largely evidenced by biosynthetic studies that indoxyl derivatives are 
derived from the corresponding indole alkaloids via a stereospecific oxidative rearrangement, 
therefore, one of the prevailing strategies is the acid- or base-catalyzed pinacol-type 
rearrangement of the corresponding 3-hydroxyindolin oxidized from the appropriate indole 
derivative (Scheme 1a). This strategy has been well harnessed in Kishi’s pioneering work1 
on racemic austamide and later on in Baran’s enantioselective version,2 also in Williams’ 
synthesis of (-)-brevianamide B3 (not shown); moreover, iboluteine, the iboga-type indole 
alkaloid, was synthesized collectively through its indole precursor demonstrated by She4 and 
co-workers; Tambar5 and Movassaghi6 independently synthesized trigonoliimine C and 
published their work one day later after another, they both employed a Wagner-Meerwein 
[1,2]-shift from the hydroxyindolenine, the mono-oxidized product of bis-indole precursor, 
to construct the sterically congested, indole-substituted indoxyl. On the other hand, various 
non-oxidative strategies have also been discovered and capitalized to assemble the key 
indolinone structure in total synthesis of natural products (Scheme 1b). For example, in the 
synthesis of lapidiletine B, Pearson7 and Nishida8 applied Smalley reaction and Grignard 
reaction, respectively, to obtain the spiro-indoxyls in high yields. The enantioselective 
synthesis of Nishida’s was accomplished after modification of this key intermediate. In the 
asymmetric synthesis of Isatisin A, Kerr9 and Liang10 realized one of the enantiomers, in 
turn, where Kerr explored and demonstrated a mCPBA oxidation of indole derivative 




disubstittuted indoxyl. This key transformation was adopted and proved to be superior later 
in Liang’s ent-version synthesis. In the synthesis of (+)-duocarmycin A, a member from 
exceptionally potent antitumor antibiotics, Boger approached 2,2-disubstittuted indoxyl 
through a Dieckmann-like condensation,11 whereas Fukuyama applied a copper mediated 
intramolecular C-N crossing coupling to provide a direct construction of the indoxyl 
moiety.12 Moreover, various synthetic methods have been disclosed to provide access to 
varied substituted indolin-3-ones which serve as the key intermediates in the total synthesis 
of natural products, such as mitragynine pseudoindoxyl and hinckdentine A (Scheme 1c). In 
Sorensen’s report on the chemical synthesis towards mitragynine pseudoindoxyl, the 
indoxyl framework was established via an interrupted Ugi reaction where the coupling of an 
aniline, a ketone, and an isocyanide provided an intramolecular addition of arenes to 
nitrilium ions, and a subsequent imine hydrolysis.13 Even though only 11-methoxy 
mitragynine pseudoindoxyl was obtained given by the limitation of their method where the 
steric hindrance lead to the undesired regioisomer during the ring annulation, it was 
noteworthy that a new member of the mitragynine class of opioid agonists was prepared for 
testing the analgesic effect and the methoxy group on the C-9 position is predicted to be 
vital for the opioid agonistic activity. Enantioselective total synthesis of (+)-Hinckdentine A 
was first accomplished by Fukuyama group featuring a key asymmetric dearomative 
cyclization of functionalized N-acyl tetrahydrocarbazole that provided an efficient 
construction of the indoline core with tetrasubstituted stereogenic carbon center.14 The 
synthetic strategy is beyond the scope of our discussion, nonetheless it is worthwhile 
mentioning. By contrast, Zhu et al. recently reported their total synthesis on this marine 
alkaloid which was highlighted on a formal [3+2] heteroannulation between α-amino imides 
and in situ generated arynes for installing the critical 2,2-disubstituted indolin-3-one core in 
one step.15 In recent years, indolin-3-one derivatives also found wide applications as 
building blocks for protein mimetics and fluorescent dyes for live-cell imaging. In the design 




and co-workers demonstrated a series of 2,2-dimethyl-indolin-3-one units linked through C-
4 and C-7 by an acetylene spacer with intramolecular hydrogen bonding between carbonyl 
and NH of neighboring indolinone subunit (Scheme 1d). In the research area of synthetic 
fluorescent dyes 2,2-disubstituted indolin-3-one skeleton has been found potentially useful 
owing to its inherited intramolecular charge transfer (ICT) character given by the 
conjugated π system between indolinone N-atom and carbonyl group. Besides the promised 
large stokes shift and high fluorescence quantum yield from the non-twisted ICT character, 
the unique structural rigidity derived from steric constrain also effectively reduces 
intermolecular interactions and suppresses aggregation formation, problems frequently 
encountered in fluorophores (Scheme 1e). LipidGreen, a novel probe designed for lipid 
imaging, was used to stain lipid droplets and fat deposits, and further tested as a lipid 
marker in drug screening of treating metabolic diseases.17 STP-3, the first spiro-type two-
photon (STP) fluorescent probe, was developed for imaging HOCl in the living cells and 
living tissues.18 Moreover, propellerocein, a water-soluble propeller-shaped fluorescent dye 
was utilized for determination of the polarity inside mitochondria of healthy and apoptotic 
cells.19 In light of the importance of indoxyl structure in natural products, bioactive 
molecules, and synthetic precursors, methodologies that provide quick access to diverse 
functionalized indolin-3-ones remain in high demand.  
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Scheme 1. Synthetic applications of indolin-3-one core in synthesis of natrual products and 
bioactive molecules (a) Representative natural product synthesized through late stage 
oxidative rearrangement and (b) through non-oxidative strategies (c) construction of 
indolin-3-one core as the key intermediates (d) Synthetic foldamer mimics β-sheet and β-
strand (e) Selective synthetic fluorescent dyes for live-cell imaging 
Despite the prevalence of 3-oxindole structure in the natural products and molecules of 
pharmaceutical interest, synthesis of this common key heterocycle is far less explored or 
utilized compared to structurally similar 2-oxindoles. For the construction of 2,2-
disubstituted indolin-3-ones, two major trends are the modification from the preexisting 
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indoles (Scheme 2A, eqs a-c),20-23 2-oxindoles (Scheme 2A, eq d),24 indolin-3-one, or 3H-
indol-3-ones (Scheme 2A, eqs e-g)25-27 and isatin (Scheme 2A, eq h)28 frameworks, and 
tandem cyclization29-36 from complicated substrates which usually require several steps to 
prepare (Scheme 2B, eqs a-h). Nonetheless, several methods provided enantioenriched 
chiral compounds in this context (Scheme 3A),37-39 many of the important methods also 
involved the use of precious noble metal catalysts (Schemes 2A, eqs e and f, Scheme 2B, 
eqs a, b and d-g; Scheme 3A, eq c). By contrast, metal-free, direct and efficient synthesis 
of indolin-3-one units from coupling of easily prepared materials which are bearing varied 
functional groups in a single step are rarely reported, namely, reaction of arynes and amino 
acids (Scheme 3B, eq a)40 or carbonyl derivatives (Scheme 3B, eq b),15 transformation of 
Fischer indolization/ Claisen rearrangement (Scheme 3B, eq c),41 and a combined 
interrupted Ugi reaction followed by a Hoesch cyclization (Scheme 3B, eq d).42 In this 
regard, exploration of new synthetic methods towards the 2,2-disubstituted indolin-3-ones 





Scheme2. Synthetic methods of construction of 2,2-disubstituted indolin-3-one from (A) 
preexisting indoles, 2-oxindoles, indolin-3-one, or 3H-indol-3-ones and isatin frameworks 





Scheme 3. Various synthetic methods on the construction of indolin-3-ones (A) Asymmetric 
catalysis using chiral phosphorus acids and N-heterocyclic carbene (B) Direct synthesis from 
readily available materials 
In our current interest in the synthesis of heterocycles from quinols, we treat quinols as 
a regiospecifically differentiated equivalent of benzynes (Scheme 4a) with advantages on 
the regiospecificity in the coupling reaction and convenience in the preparation. Three 
expedient syntheses of bi-, tri-cyclic heterocycles have been developed from this strategy, 
where quinols were transformed into the carbamate intermediate followed by an aza-
Michael reaction to afford oxazolidinones,43 which then served as common precursors to 
give access to 1-hydoxyacridones and 4-hydroxycarbazoles (scheme 4b) through 
intramolecular cyclization then decarboxylative aromatization, of which cyclization was 
realized by mixed Claisen condensation and palladium catalyzed enolate-arylation, 
respectively, owing to the nature of isocyanates. After having three methods developed, we 
would like to further explore the feasibility of such cascade reaction and build a library of 
varied heterocycles. Guided by searching for structurally diverse isocyanates as the coupling 




from either commercial source or three steps modification of ketones44-45 and accounted the 
N-alkylated oxazolidinones 4 as the precursor to pseudo-indoxyls 3 (scheme 4c).  
  
Scheme 4. Rationale and synthetic plan towards 4-hydroxy-indolin-3-ones (a) Quinols as the 
regiospecifically differentiated benzyne equivalents (b) Our previous work on the synthesis 
of oxazolidinones, 1-hydroxyacridones and 4-hydroxcarbazoles (c) Our approach towards 4-
hydroxy-indolin-3-ones via a coupling of quinols and alkyl isocyanates
In continuation with our interest in exploring synthetic methods of biological active 
heterocycles from quinols, herein, we report a synthesis of 4-hydoxyindolin-3-ones through 
a Lewis acid mediated carbamation/Michael Addition/mixed Claisen 
condensation/decarboxylative aromatization cascade. 
Results and Discussion 
We chose 4-methylquinol 1a as a model substrate and coupled it with methyl 1-
isocyanatocyclohexane-1-carboxylate 2a, which was obtained from one step oxidation of the 




section, Method A). Ideally, we’d like to monitor the stepwise formation of oxazolidinone 
4aa and then the final product 3aa on the Thin-layer-chromatography (TLC), since we know 
very well about the reactivity of each intermediate and the relative polarity on the TLC, 
unfortunately, it was proved that we were wrong with alkyl isocyanates. Initial experiment 
was set under standard conditions, specifically, 0.15 equiv. of 1,8-diazabicyclo[5.4.0]undec-
7-ene (DBU) was added to 1 equiv. quinol 1a and 1.1 equiv. isocyanate 2a in methylene 
chloride (CH2Cl2) and the mixture was stirred at room temperature. Surprisingly, there was 
no reaction at all at room temperature (table 1, entry 1) or only 20% Michael product 4aa 
isolated after reflux for 12 h along with 34% starting material (table 1, entry 2). Switching 
solvent to THF seemed to facilitate the reaction and afforded 19% cyclization product 5aa 
also with 29% SM (table 1, entry 3). Both further increasing the loading of DBU and 
changing from reflux to a sealed tube proved to favor the formation of tricyclic intermediate 
5aa (table 1, entries 4 and 5), although the desired product indolin-3-one 3aa was not 
observed. It seemed that finding the condition for one-pot process seemed ambitious at this 
moment due to the significant difference in reactivity between coupling of p-quinol to aryl- 
and alkyl- isocyanates, we used carbamate 4aa as the starting material and heated it with 
1.1 equiv. DBU in toluene (tol) in a sealed tube at 120oC for 12 h since higher temperature 
should accelerate the intramolecular cyclization and aromatization. Indeed we were able to 
isolate tricyclic Claisen condensation product 5aa in 33% yield (table 1, entry 6). However 
in another trial when a real sealed tube was used only decomposition was observed after 
heating the reaction mixture at 140oC for 40h (table 1, entry 7). It was noteworthy that the 
6,5,5-tricyclic cyclization product 5aa was clearly characterized as the diketo tautomer on 
the NMR from the three bond H-H coupling between alpha and beta protons, in comparing 
with the 6,6,6,5-tetracyclic enol tautomer obtained from the 1-hydroxyacridones synthesis 
in chapter one where the proton was down field shifted to 14 ppm due to intramolecular H-
bonding. Even though it was not a surprise to have the diketo species because the ring 




the intramolecular H-bonding, the difficulty in finding the condition to aromatization of 3aa 
was much unexpected.  
At first, different combinations of strong bases, acidic or basic conditions were explored 
with varied heat sources and all failed to work (table 1, entries 8-11); we then tried 
reductant, to our delight, when 5aa was treated with 3 equiv. metal zinc and reflux in MeOH 
for 12 h, although solvent was accidently dried out, the desired pseudo-indoxyl 3aa was 
isolated in 23% yield for the first time (table 1, entry 12). Question was raised on the role 
of the harsh temperature and zinc during the transformation, the later was indicated less 
likely in a later experiment where adding 3 equiv. zinc did not seem to work, and 6 equiv. 
zinc resulted in an efficient retro-Claisen condensation to provide 4aa in a 75% yield (table 
1, entry 13). While none of reducing agents such as magnesium iron, SmI2 showed to work 
(table 1, entries 14-17), next, we applied Lewis acids (LA). Gratifyingly, 92% pseudo-
indoxyl 3aa was obtained after 5aa was treated with 1.1 equiv. MgCl2 in toluene using a 
sealed tube and then heated at 130oC for 12 h (table 1, entry 18). After that, we turned our 
attention to exploring the roles that Lewis acid played in each step and finding the 
conditions of the one-pot process. We were excited to find that addition of 1.1 equiv. MgCl2 
and 3 equiv. DBU to quinol 1a and isocyanate 2a in THF and then heating in a sealed tube 
at 90oC for 24 h provided 47% desired indolin-3-one 3aa, also 31% diketo 5aa (table 1, 
entry 19). In the pursuit of increase the efficiency of overall transformation we lowered the 
loading of DBU, varied the nature of the base and the Lewis acid, we observed that neither 
Et3N nor NaH seemed to be as effective (table 1, entries 20 and 21), MgBr2 showed to be 
more efficiently converting quinol 1a to diketo 5aa (table 1, entry 22), even heating at lower 
temperature with CH2Cl2 used as solvent (table 1, entry 23), although adding NaH into the 
reaction mixture only resulted in a decompose of the diketo 5aa. At the moment, we were 
left with the last piece of finding that ZnBr2 had no improvement towards the cascade 




to the reduction; the inconsistence in the results may be due to this reason. Washing the 
zinc powder with acid before use could prevent the low activity. 






reductant (equiv) solvent condition (T/oC) T(h) 
results 
(1/4/5/3)a 
1 -- DBU(0.15) CH2Cl2 r.t. 18 no rxn 
2 -- DBU(2) CH2Cl2 reflux 12 34/20/-/- 
3 -- DBU(2.2) THF reflux 12 29/-/19/- 
4 -- DBU(3) THF reflux 12 11/-/35/- 
5 -- DBU(3) THF sealed tube (90) 12 25/trace/57/- 
6 -- DBU(1.2) Tol sealed tube (120oC) 12 -/-/33/-
b 
7 -- DBU(1.2) Tol real sealed tube (140oC) 40 Decomposed
b 
8 -- NaOMe(1.2) THF sealed tube (80oC) 12 no rxn
c 
9 -- NaOH(1.5) MeOH r.t. 12 no rxn
c 
10 -- -- HCl/THF (1:1) r.t. then reflux 12/8 no rxn
c 
11 -- -- MeOH r.t. 24 no rxn
c 
12 -- Zn(3) MeOH reflux 12 -/-/-/23
d 
13 -- Zn(6) MeOH reflux 12 -/75/-/-
c 
14 -- Zn(5) AcOH 
r.t. then sealed tube 
(100) 12 no rxn
e 
15 -- Mg(5) AcOH r.t. 12 no rxn
c 
16 -- Fe(5) AcOH r.t. 12 no rxn
c 
17 -- SmI2(2.5) THF/tBuOH r.t. 12 no rxn
c 
18 MgCl2 (1.1) -- Tol sealed tube (130) 12 -/-/-/92
c 
19f MgCl2 (1.1) DBU(3) THF sealed tube (90) 24 -/-/31/47 
20 MgCl2 (0.5) Et3N(3) Tol reflux 12 10/51/-/- 
21 MgCl2 (0.5) NaH(2.2) Tol reflux 12 70/3/-/- 
22g MgBr2 (1.1) DBU(3) THF sealed tube (90) 12 -/-/91/- 
23 MgBr2 (1.1) DBU(2.2)/NaH(1.1) CH2Cl2/THF sealed tube (60)/reflux 12 messy
h 
24 ZnBr2 (1.1) DBU(3) THF sealed tube (90) 12 5/-/49/-/- 
(a) All yields refer to isolated yield after silica gel flash column chromatography unless otherwise 
noted. (b) Carbamate 4aa was used as the starting material. (c) Diketo 5aa was used as the starting 
material. (d) Diketo 5aa was used as the starting material, solvent accidently dried out; didn’t recycle 
SM, although it showed on TLC. (e) Diketo 5aa super-duper stable was left on the bench open to the 
air for one month, decomposed after heated at 100oC in a sealed tube overnight, nothing recognized 
on the TLC. (f) MgCl2 maybe wet over time, could be misleading. (g) Later experiment showed that SM 
1a all converted to diketo 5aa in 3h under the same set of condition from entry 22 while CH2Cl2 was 
used as solvent and heated at 60oC in a sealed tube. (h) This was the later experiment mentioned in 
(g), where addition of 2.2 equiv DBU to a mixture of 1a and 2a in CH2Cl2 and reaction was monitored 
by TLC to complete consumption of 1a and formation of 5aa in 3h, after which solvent was evaporated 
under reduced pressure. One equiv. NaH was added to reaction residue in THF for further reaction at 




While we were stuck at finding the conditions to fully convert quinol 1 to each 
intermediate that leads to pseudo-indoxyl 3 and to realize such transformation in a one-pot 
manner, we switched to methyl 2-isocyanato-2-methylpropanoate 2b, the oxidation product 
of commercial methyl 2-amino-2-methylpropanoate followed by applying the same 
triphosgene protocol,45 because methyl group would be unambiguously recognized on the 
NMR spectrum even with limited material. We observed the drop on the yield of diketo 5ab 
(R1 = Me, R3, R4 = Me) which can be explained by the Thorpe-Ingold effect on the rate of 
Claisen condensation where α-dimethyl substituted isocyanate exhibited even less reactivity 
than it is bearing the α-cyclohexyl group (table 2, entry 1). Meanwhile, we reasoned that 
both electronic and steric environment changed unfavorably from aryl isocyanates to alkyl 
isocyanates, regardless how smoothly both were transformed from the amine precursors, 
the presence of Lewis acid may be critical since electrophilicity would be increased on both 
carbonyl centers that are involved in the cyclization after coordination of Lewis acid with 
carbonyl oxygens, and also the α-carbon of the cyclic unsaturated carbonyl would be 
brought in the vicinity to the ester to facilitate the intramolecular crossed Claisen 
condensation. A serious Lewis acids were examined and results were depressing, except 
MgCl2 showed comparable activity to that of MgBr2 and resulted in 44% isolated diketo 5ab 
(R1 = Me, R3, R4 = Me) (table 2, entry 4), Zn(OTf)2 and ZnI2 showed somewhat activity, and 
yet starting material (SM) were recycled from both trials (table 2, entries 7 and 8); the 
other Lewis acids either showed no effect (table 2, entries 3, 5 and 6, 9 to 11), or gave a 
messy results on the TLC (table 2, entry 2). While being sad, an improvement was observed 
after we added MgCl2 sequentially into the reaction mixture without isolation (table 2, entry 
12), which suggested that each step may require a stoichiometry amount of Lewis acid and 
thus we increased MgCl2 loading to 1.5 equiv. and found the yield of indolin-3-one 3ab (R
1 = 
Me, R3, R4 = Me) was effectively increased to 85% (table 2, entry 13). But soon we ran into 
the same situation of 1-hydoxyacridone synthesis where bulky p-substituted quinols, e.g., 




14), which was known not trivial under our synthetic framework. Higher reaction 
temperature was applied after switching solvent from CH2Cl2 to ethylene dichloride without 
isolation and fully converted quinol 1b (R1 = Et, R3, R4 = Me) to indolin-3-one 3bb (R1 = Et, 
R3, R4 = Me) in 62% isolated yield (table 2, entry 15). However, ethylene dichloride was not 
a good solvent for the first two steps of the sequence and only resulted in a messy reaction 
(table 2, entry 16); while none of chlorobenzene, dimethoxyethane (DME) or 
dimethylformamide (DMF) was tested to be a suitable solvent either (table 2, entries 17-
19),46 we also noticed that when reaction was refluxed in CH2Cl2 with either 1.1 equiv. 
MgBr2 or MgCl2, which were found to be superior to other Lewis acids, there was substantial 
amount of side product 3’ab formed from decarboxylative aromatization of carbamate 4ab 
(table 2, entries 21 and 22). Even though decreased loading of the Lewis acid with varied 
heating source and temperature did not improve the yield of indolin-3-one, it did prevent 
the reaction from going along the unfavored pathway (table 2, entries 20 and 24); 
moreover, when loading of LA dropped to 0.11 equiv. there was no reaction to occur (table 
2, entry 23). At the end I got enough from these obscure data and finally dumped 2.2 equiv. 
MgCl2 into the mixture of quinol 1b and isocyanate 2b in toluene, after adding 2.2 equiv. 
DBU the reaction was heated at 110oC in a sealed tube for 12 h and afforded indolin-3-one 
3bb in 78% yield (table 2, entries 25 and 26).  
Unfortunately, the optimized condition did not drive reaction going forward to the 
desired cyclization after producing carbamate when ethyl 2-isocyanato-3-phenylpropanoate 
2d (R1=Me, R3=H, R4=CH2Ph) was served as the coupling partner to quinols, instead the 
phenylalaninate side product 3’ad was partly generated alongside with recovering 
carbamate 4ad (table 2, entries 27 and 28). It was not a surprise that extra proton on the 
α-carbon complicated reaction significantly; also the Claisen condensation intermediate may 
not be stable, which is suggested from the messy NMR spectrum after attempted prep-TLC 
isolation. 
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Table 2. Further optimization of reaction conditions 
entry
Quinols R1, 
isocyanates, R3,R4 L.A. (equiv) Solvent condition (T/oC) T(h) 
% Yield 
(4/5/3/3')a 
1 R1=Me, R3,R4= Me MgBr2 (1.1) THF sealed tube (90) 12 -/45/-/- 
2 R1=Me, R3,R4= Me TiCl4 (1.1) CH2Cl2 r.t. 12 Messy 
3 R1=Me, R3,R4= Me FeCl3 (1.1) THF sealed tube (90) 12 no rxn 
4 R1=Me, R3,R4= Me MgCl2 (1.1) THF sealed tube (90) 12 -/44/-/- 
5 R1=Me, R3,R4= Me ZnCl2 (1.1) THF sealed tube (90) 12 no rxn 
6 R1=Me, R3,R4= Me Mg(OTf)2 (1.1) THF sealed tube (90) 12 no rxn 
7 R1=Me, R3,R4= Me Zn(OTf)2 (1.1) THF sealed tube (90) 12 -/20/-/-
b 
8 R1=Me, R3,R4= Me ZnI2 (1.1) THF sealed tube (90) 12 -/21/-/-
c 
9 R1=Me, R3,R4= Me AlCl3 (1.1) THF sealed tube (90) 12 -/trace/-/- 
10 R1=Me, R3,R4= Me Cu(OTf)2 (1.1) THF sealed tube (90) 12 no rxn 
11 R1=Me, R3,R4= Me Sc(OTf)3 (1.1) THF sealed tube (90) 12 no rxn 




13 R1=Me, R3,R4= Me MgCl2 (1.5) CH2Cl2 sealed tube (65) 12 -/-/85/- 
14 R1=Et, R3,R4= Me MgCl2 (1.5) CH2Cl2 sealed tube (80) 12 -/1/8/- 
15 R1=Et, R3,R4= Me MgCl2 (1.5x2) 
CH2Cl2 then 
Cl2CH2CH2Cl2 sealed tube (120) 12 -/-/1/- 
16 R1=Et, R3,R4= Me MgCl2 (1.5) Cl2CH2CH2Cl2 sealed tube (100) 12 Messy 
17 R1=Et, R3,R4= Me MgCl2 (1.5) PhCl sealed tube (120) 12 Messy 
18 R1=Et, R3,R4= Me MgCl2 (1.5) DME sealed tube (120) 12 -/1/-/-
e 
19 R1=Et, R3,R4= Me MgCl2 (1.5) DMF reflux 12 1.1/-/-/-
f 
20 R1=Et, R3,R4= Me MgBr2 (0.5) CH2Cl2 sealed tube (60) 12 1/-/-/- 
21 R1=Et, R3,R4= Me MgBr2 (1.1) CH2Cl2 reflux 12 trace/2.2/-/1
22 R1=Et, R3,R4= Me MgCl2 (1.1) CH2Cl2 reflux 12 trace/3.2/-/1
23 R1=Et, R3,R4= Me MgCl2 (0.11) CH2Cl2 reflux 12 no rxn 
24 R1=Et, R3,R4= Me MgCl2 (0.5) Tol reflux 12 -/6.8/1/- 
25 R1=Et, R3,R4= Me MgCl2 (1.1) Tol sealed tube (110) 12 -/1/1.9/- 
26 R1=Et, R3,R4= Me
27 R1=Me,R3=H,R4=CH2Ph MgCl2 (1.5) CH2Cl2 sealed tube (60) 12 35/-/-/21 
28 R1=Me,R3=H,R4=CH2Ph MgCl2 (2.2) Tol sealed tube (110) 12 55/-/-/10 
(a) All yields refer to isolated yield after silica gel flash column chromatography with SM 1a (R1=Me), 
all yields refer to LC/MS conversion with SM 1b (R1=Et) (entries 14-26). (b) 30% SM 1a (R1=Me, 
R3,R4= Me) recycled. (c) 19% SM 1a recycled. (d) 1.1 eq MgCl2 was added, SM still seen on the TLC
after heating 6h at 90oC, second eq MgCl2 was added and SM all gone after one night heating at 90
oC;
then third eq MgCl2 was added and rxn mixture was heated for another 10h at 100
oC to obtain the
yields. (e) SM 1b (R1=Et) recycled in a ratio of 13.8/1 to diketo 5b (R1=Et, R3,R4= Me). (f) SM 1b 
recycled in a ratio of 1/1.1 to carbamate 4b (R1=Et, R3,R4= Me). THF= Tetrahydrofuran, DME = 
dimethoxyethane, DMF = dimethylformamide. 
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We next explored the scope of this Lewis acid facilitated intramolecular mixed Claisen 
condensation followed by rearomatization process towards the synthesis of multisubstituted 
4-hydroxypseudo-indoxyl derivatives. As shown in Table 3, the coupling of quinols with 
three alkyl isocyanates proceeded smoothly to give the corresponding 4-hydroxyindolin-3-
ones in good to excellent yields. Notably, tricyclic intermediates 5nb, 5pb and 5qb were 
isolated which provided further evidence on the proposed transformation cascade.  
Table 3. Substrate scope of indolin-3-onesa 
a. Yields refer to isolated products after silica gel flash column chromatography.
b. CH2Cl2 was used as solvent, no rxn if using toluene, according to the standard condition; see 
supporting information for experimental details.
Figure 1. X-ray structure 
of 5nb 
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In summary, synthesis of 4-hydoxyindolin-3-ones from p-quinols was realized through a 
one-pot Lewis acid facilitated sequential transformation of carbamation/Michael 
addition/mixed Claisen condensation/decarboxylative aromatization. This methodology was 
also suitable in broadening the substrate scope of isocyanates as the coupling partners so 
that more structurally diverse 2,2-disubstituted indolin-3-ones can be efficiently prepared 
with the title process. Furthermore, asymmetric Strecker reaction could be employed in 
preparing a wide range of α,α-disubstituted chiral unnatural amino acids47-49 which could be 
incorporated into our asymmetric synthesis of the indolin-3-ones containing a C-2 
stereogenic center.  
Experimental Section 
General Methods 
All reactions were carried out under dry nitrogen in oven-dried glassware, unless the 
procedure states otherwise. Anhydrous methylene chloride (CH2Cl2) was distilled from 
phosphorus pentoxide, toluene (tol) was distilled from sodium, and tetrahydrofuran (THF) 
was distilled from sodium under nitrogen atmosphere. All reactions were performed under 
nitrogen protection and gas exchange was done with a nitrogen balloon and house vacuum. 
Reagents purchased from commercial sources were used as received or synthesized 
following literature procedures were recrystallized if it was applicable. Reactions were 
monitored by thin-layer chromatography (TLC) which was developed on Silicycle SiliaPlate 
TLC glass backed plates with pre-coated silica gel 60 bearing an F-254 UV indicator and 
visualized by exposure to ultraviolet light or stained with ceric ammonium molybdate 
followed by heating on a heat gun. Preparative thin-layer chromatography (prep TLC) was 
done on the same TLC plates with the proper thickness. Column chromatography was 
performed over silica gel with porosity of 60 angstrom and particle size of 40-63 microns. 1H 
and 13C NMR spectra were recorded on Bruker 400, 500 and 600 MHz spectrometers. 
Chemical shifts (δ values) were reported in ppm downfield from internal residual solvent 
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peaks. Mass spectrometric data were measured by the late Dr. Cliff Soll and Dr. Barney Yoo 
at Hunter College mass spectrometry facility and taken on an Agilent 6520A Q-TOF 
spectrometer using electrospray ionization. LC/MS data was recorded on an Agilent 
Poroshell 120 SB-C18 column (2.7um, 2.1x50mm) at 45 degrees C, using a linear gradient 
of 5-95% acetonitrile in water (0.1% formic acid) with a flow rate of 0.4 mL/min. The X-ray 
crystallography experiments were performed on Bruker Kappa X8 Apex II diffractometer by 
Dr. Michelle Neary at Hunter College X-ray facility and Bruker AXS Smart Apex II single 
crystal diffractometer by Dr. Chunhua Hu at Department of Chemistry, New York University. 
Microwave reactions were conducted on CEM Discover SP reactor. Infrared spectra were 
collected on Thermo Nicolet IR100 spectrometer.  
Experimental Procedures and Analytical Data 
1. Synthesis of alkyl isocyanates 2a-2c45
Scheme 5. Synthesis of alkyl isocyanates from commercial amino acid methyl esters 
General procedure for the preparation of alkyl isocyanates 2a-2c. Method A. To 
a solution of commercial amino acid methyl esters S1 (1.2 mmol) in a 1 : 1 mixture of 
methylene chloride (10 ml) and saturated aqueous NaHCO3 (10 ml) at 0
oC was added
triphosgene (0.4 mmol). The reaction mixture was stirred at 0oC for 1 hour. After the layers 
were separated, the aqueous layer was extracted with CH2Cl2 (2 x 10 ml). The organic 
layers were combined and washed with water (20 ml), brine (20 ml), dried over Na2SO4, 
then concentrated in vacuo. The residue was used directly in the next step without further 
purification.  
methyl 1-isocyanatocyclohexane-1-carboxylate (2a) 
quant. yield. Amorphous solid. 1H NMR (500 MHz, CDCl3) δ 3.73 (s, 3H), 
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1.80-1.68 (m, 4H), 1.64-1.48 (m, 5H), 1.23-1.14 (m, 1H); 13C NMR (125 MHz, CDCl3) δ
174.0, 125.0, 64.9, 53.2, 35.3, 24.9, 21.6. 
methyl 2-isocyanato-2-methylpropanoate (2b) 
quant. yield. Amorphous solid. 1H NMR (500 MHz, CDCl3) δ 3.81 (s, 3H), 1.52
(s, 3H); 13C NMR (125 MHz, CDCl3) δ 174.6, 126.4, 61.0, 53.8, 28.4.
methyl 1-isocyanatocyclopentane-1-carboxylate (2c) 
quant. yield. Amorphous solid. 1H NMR (500 MHz, CDCl3) δ 3.79 (s, 3H), 
2.16-2.10 (m, 2H), 1.93-1.89 (m, 2H), 1.86-1.81 (m, 4H); 13C NMR (125 MHz, CDCl3) δ
174.4, 126.0, 70.4, 53.6, 40.4, 24.4. 
2. Synthesis of 4-hydroxy-indolin-3-ones
Scheme 6. One-pot synthesis of 4-hydroxy-indolin-3-ones from p-quinols 
General procedure for preparation substrates 3aa-3mb, 3ob, and 5nb, 5pb, 5qb. 
Method B. A Fisherbrand 6 dr. screw thread vial with pulp/polyvinyl lined cap was used as 
the sealed tube. To a mixture of p-quinol 1 (0.5 mmol), alkyl isocyanates 2 (0.55 mmol) 
and MgCl2 (1.0 mmol) in 3 ml toluene was added 1.1 mmol 1,8-Diazabicyclo[5.4.0]undec-7-
ene (DBU) (2.2 mmol) dropwise at the ambient temperature, the reaction vial was heated in 
an oil bath to 130oC for six hours, or specified otherwise. The product 4-hydroxy-indolin-3-
ones 3 can be monitored by TLC and appeared yellow color under visible light. After the 
time required, the reaction mixture was diluted with EtOAc (5 ml), quenched with 1M HCl 
(10 ml) and layers were separated. The aqueous layer was extracted with EtOAc (2 x 10 ml). 
The organic layers were combined and washed with brine (15 ml) and water (15 ml), dried 
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over Na2SO4, then concentrated in vacuo. The residue was purified by silica gel flash column 
chromatography to provide the desired product. 
8a'-methyl-31',8a'-dihydro-2'H,5'H-spiro[cyclohexane-1,4'-
oxazolo[5,4,3-hi]indole]-2',5',6'(5a'H)-trione (4aa)  
20% yield, white solid; m.p. > 300 °C; Rf = 0.5 (EtOAc : hexane = 1:1); 
1H NMR (500 MHz, CDCl3) δ 6.67 (d, J = 10.2 Hz, 1H), 4.04 (dd, J = 
10.1, 5.7 Hz, 1H), 3.70 (s, 3H), 2.88 (dd, J = 15.5, 10.2 Hz, 1H), 2.74 (dd, J = 15.5, 5.6 
Hz, 1H), 2.33 (apparently s, 1H), 1.73-1.48 (m, 12H); 13C NMR (125 MHz, CDCl3) δ 195.9,
173.4, 155.0, 143.8, 130.4, 74.4, 62.8, 58.3, 52.9, 42.4, 32.7, 32.3, 26.2, 25.2, 22.8, 22.2; 
HRMS-ESI (m/z): exact  mass calc’d for C16H21NO5 (M+H)
+: 308.1492, found: 308.1486;
calc’d for C16H21NO5 (M+Na)
+: 330.1312, found: 330.131.
methyl 2-(7a-ethyl-2,5-dioxo-3a,4,5,7a-tetrahydrobenzo[d]oxazol-
3(2H)-yl)-2-methylpropanoate 





HRMS-ESI (m/z): exact mass calc’d for C19H18N2O5 (M+H)
+:
355.1288, found: 355.1275; calc’d for C19H18N2O5 (M+Na)
+:
377.1108, found: 377.1107. 
8a'-methyl-31',8a'-dihydro-2'H,5'H-spiro[cyclohexane-1,4'-
oxazolo[5,4,3-hi]indole]-2',5',6'(5a'H)-trione (5aa) 
91% yield, white solid. m.p. > 300 °C; Rf = 0.4 (EtOAc : hexane = 1:1); 
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1H NMR (500 MHz, CDCl3) δ 6.72 (d, J = 10.5 Hz, 1H), 6.16 (d, J = 10.5 Hz, 1H), 4.54 (d, J 
= 6.9 Hz, 1H), 3.49 (d, J = 6.9 Hz, 1H), 2.37-2.31 (m, 1H), 1.77-1.75 (m, 4H), 1.73 (s, 
3H), 1.69-1.66 (m, 1H), 1.60-1.60 (m, 2H), 1.41-1.37 (m, 1H), 1.33-1.32 (m, 1H); 13C 
NMR (125 MHz, CDCl3) δ 203.8, 183.6, 152.8, 146.8, 128.3, 75.4, 64.7, 60.0, 54.9, 32.5, 
30.1, 25.2, 24.6, 21.4, 21.2; HRMS-ESI (m/z): exact  mass calc’d for C15H17NO4 (M+H)
+:
276.123, found: 276.1219; calc’d for C15H17NO4 (M+Na)
+: 298.105, found: 298.1028.
4'-hydroxy-7'-methylspiro[cyclohexane-1,2'-indolin]-3'-one (3aa) 
88% yield, white solid. m.p. = 136-140 °C; Rf = 0.8 (EtOAc : hexane = 
1:1); 1H NMR (500 MHz, CDCl3) δ 8.13 (br s, 1H), 7.14 (d, J = 8.0 Hz,
1H), 6.16 (d, J = 8.0 Hz, 1H), 2.13 (s, 3H), 1.92-1.89 (m, 2H), 1.78-1.73 (m, 3H), 1.52-
1.43 (m, 5H); 13C NMR (125 MHz, CDCl3) δ 206.7, 158.1, 156.0, 140.2, 111.9, 108.3, 
104.2, 67.6, 33.0, 25.0, 22.8, 15.3; HRMS-ESI (m/z): exact  mass calc’d for C14H17NO2 
(M+H)+: 232.1332, found: 232.1331. 
8a-ethyl-4,4-dimethyl-31,8a-dihydro-2H-oxazolo[5,4,3-hi]indole-
2,5,6(4H,5aH)-trione (5bb) 
89% yield, white solid. m.p. = 172-174 °C; Rf = 0.5 (EtOAc : hexane = 
1:2); 1H NMR (500 MHz, CDCl3) δ 6.69 (d, J = 10.6 Hz, 1H), 6.25 (d, J =
10.6 Hz, 1H), 4.51 (d, J = 7.0 Hz, 1H), 3.50 (d, J = 7.0 Hz, 1H), 2.06 (q, J = 7.6 Hz, 2H), 
1.43 (s, 3H), 1.38 (s, 3H), 0.98 (t, J = 7.6 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 205.4,
183.4, 153.1, 146.1, 129.5, 79.3, 62.5, 58.4, 55.0, 31.2, 23.1, 22.5; HRMS-ESI (m/z): 
exact  mass calc’d for C13H15NO4 (M+H)
+: 250.1074, found: 250.1062; calc’d for C13H15NO4
(M+Na)+: 272.0893, found: 272.0891. 
111
4-hydroxy-2,2,7-trimethylindolin-3-one (3ab) 
91% yield, white solid. Rf = 0.6 (EtOAc : hexane = 1:1); 1H NMR (500 MHz, 
CDCl3) δ 8.07 (br s, 1H), 7.14 (d, J = 8.0 Hz, 1H), 6.16 (d, J = 8.0 Hz, 1H), 
4.45 (br s, 1H), 2.10 (s, 3H), 1.36 (s, 6H); 13C NMR (125 MHz, CDCl3) δ 206.9, 157.8, 
155.9, 140.3, 111.9, 107.4, 104.1, 64.7, 24.6, 15.2; HRMS-ESI (m/z): exact  mass calc’d 
for C11H13NO2 (M+H)
+: 192.1019, found: 192.1024.
7-ethyl-4-hydroxy-2,2-dimethylindolin-3-one (3bb) 
78% yield, white solid. m.p. = 55-60 °C; Rf = 0.7 (EtOAc : hexane = 1:1); 
1H NMR (500 MHz, CDCl3) δ 8.12 (br s, 1H), 7.18 (d, J = 8.1 Hz, 1H), 6.20 
(d, J = 8.1 Hz, 1H), 4.44 (br s, 1H), 2.46 (q, J = 7.6 Hz, 2H), 1.37 (s, 6H), 1.22 (t, J = 7.6 
Hz, 3H); 13C NMR (150 MHz, CDCl3) δ 207.0, 157.3, 156.0, 138.5, 118.1, 107.4, 104.2, 
64.6, 24.6, 22.5, 13.6; HRMS-ESI (m/z): exact  mass calc’d for C12H15NO2 (M+H)
+:
206.1176, found: 206.1175; calc’d for C12H15NO2 (M+Na)
+: 228.0995, found: 228.0993.
4-hydroxy-2,2-dimethyl-7-propylindolin-3-one (3cb) 
87% yield, white solid. m.p. = 70-72 °C; 1H NMR (600 MHz, CDCl3) δ 8.14
(br s, 1H), 7.15 (d, J = 8.0 Hz, 1H), 6.18 (d, J = 8.0 Hz, 1H), 4.46 (br s, 
1H), 2.40 (t, J = 7.6 Hz, 2H), 1.60 (sext, J = 7.5 Hz, 2H), 1.36 (s, 6H), 
0.97 (t, J = 7.5 Hz, 3H); 13C NMR (150 MHz, CDCl3) δ 207.0, 157.4, 156.0, 139.5, 116.6,
107.5, 104.1, 64.6, 31.7, 24.6, 22.7, 14.2; HRMS-ESI (m/z): exact  mass calc’d for 
C13H17NO2 (M+H)





75% yield, white solid. m.p. = 101-110 °C; 1H NMR (500 MHz, CDCl3) δ 8.16
(br s, 1H), 7.23 (d, J = 8.2 Hz, 1H), 6.22 (d, J = 8.2 Hz, 1H), 4.45 (br s, 1H), 
2.81 (sept, J = 6.9 Hz, 1H), 1.37 (s, 6H), 1.24 (d, J = 6.9 Hz, 6H); 13C NMR (125 MHz, 
CDCl3) δ 207.0, 156.6, 155.9, 136.0, 122.7, 107.5, 104.3, 64.5, 30.0, 27.7, 24.7, 22.5; 
HRMS-ESI (m/z): exact  mass calc’d for C13H17NO2 (M+H)
+: 220.1332, found: 220.1337;
calc’d for C13H17NO4 (M+Na)
+: 242.1151, found: 232.1157.
7-cyclohexyl-4-hydroxy-2,2-dimethylindolin-3-one (3eb) 
72% yield, white solid. Rf = 0.6 (EtOAc : hexane = 1:1); 1H NMR (500 MHz, 
CDCl3) δ 8.17 (br s, 1H), 7.20 (d, J = 8.2 Hz, 1H), 6.21 (d, J = 8.2 Hz, 1H), 
4.45 (br s, 1H), 2.40-2.36 (m, 1H), 1.87-1.75 (m, 6H), 1.44-1.37 (m, 10H); 
13C NMR (125 MHz, CDCl3) δ 207.0, 156.7, 155.9, 136.5, 122.2, 107.5, 104.4, 64.5, 38.0, 
33.1, 27.3, 26.5, 24.7.    
4'-hydroxy-7'-methylspiro[cyclopentane-1,2'-indolin]-3'-one (3ac) 
93% yield, light yellow solid. 1H NMR (500 MHz, CDCl3) δ 8.14 (br s, 1H),
7.13 (d, J = 8.0 Hz, 1H), 6.16 (d, J = 8.0 Hz, 1H), 4.57 (br s, 1H), 2.14-
2.04 (m, 5H), 2.00-1.94 (m, 2H), 1.90-1.83 (m, 2H), 1.77-1.74 (m, 2H); 13C NMR (150 
MHz, CDCl3) δ 206.9, 158.1, 155.6, 140.1, 111.6, 108.4, 104.1, 75.0, 38.2, 25.8, 15.2; 
HRMS-ESI (m/z): exact  mass calc’d for C13H15NO2 (M+H)
+: 218.1176, found: 218.1182.
7'-ethyl-4'-hydroxyspiro[cyclopentane-1,2'-indolin]-3'-one (3bc) 
83% yield, light yellow solid. m.p. = 103-105 °C; 1H NMR (500 MHz, 
CDCl3) δ 8.18 (br s, 1H), 7.17 (d, J = 8.0 Hz, 1H), 6.20 (d, J = 8.0 Hz, 1H), 
2.46 (q, J = 7.5 Hz, 2H), 2.12-2.07 (m, 2H), 1.99-1.95 (m, 2H), 1.89-1.83 (m, 2H), 1.77-
1.73 (m, 2H), 1.22 (t, J = 7.5 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 207.0, 157.6, 155.6,
113
138.2, 117.8, 108.4, 104.2, 74.9, 38.2, 25.9, 22.5, 13.7; HRMS-ESI (m/z): exact mass 
calc’d for C14H17NO2 (M+H)
+: 232.1332, found: 232.1332.
4-hydroxy-2,2-dimethyl-7-phenylindolin-3-one (3fb) 
80% yield, white solid. Rf = 0.6 (EtOAc : hexane = 1:1); 1H NMR (500 MHz, 
CDCl3) δ 8.43 (br s, 1H), 7.50-7.45 (m, 4H), 7.40 (d, J = 8.2 Hz, 1H), 7.34 (t, 
J = 6.9 Hz, 1H), 6.33 (d, J = 8.2 Hz, 1H), 4.90 (br s, 1H), 1.37 (s, 6H); 13C 
NMR (125 MHz, CDCl3) δ 206.9, 157.7, 156.1, 139.9, 137.5, 129.4, 127.9, 127.4, 116.8, 
107.6, 105.1, 64.7, 24.5; HRMS-ESI (m/z): exact mass calc’d for C16H15NO2 (M+H)
+:
254.1176, found: 254.1184; calc’d for C16H15NO2 (M+Na)
+: 276.0995, found: 276.1001.
 7-(4-bromophenyl)-4-hydroxy-2,2-dimethylindolin-3-one (3gb) 
71% yield, white solid. m.p. = 138-143 °C; 1H NMR (600 MHz, CDCl3) δ 8.44
(br s, 1H), 7.57 (d, J = 8.4 Hz, 2H), 7.37-7.35 (m, 3H), 6.32 (d, J = 8.3 Hz, 
1H), 4.83 (br s, 1H), 1.36 (s, 6H); 13C NMR (150 MHz, CDCl3) δ 206.8, 157.8,
155.9, 139.7, 136.3, 132.5, 129.5, 121.3, 115.6, 107.6, 105.3, 64.8, 24.5; 
HRMS-ESI (m/z): exact mass calc’d for C16H14BrNO2 (M+H)
+: 332.0281, found: 332.0282.
4-(4-hydroxy-2,2-dimethyl-3-oxoindolin-7-yl)benzonitrile (3hb) 
84% yield, white solid. m.p. = 206-209 °C; 1H NMR (400 MHz, CDCl3) δ 8.54
(br s, 1H), 7.74 (d, J = 8.2 Hz, 2H), 7.61 (d, J = 8.2 Hz, 2H), 7.41 (d, J = 8.3 
Hz, 1H), 6.37 (d, J = 8.3 Hz, 1H), 4.81 (br s, 1H), 1.39 (s, 6H); 13C NMR 
(100 MHz, CDCl3) δ 206.6, 158.9, 155.9, 142.5, 139.9, 133.3, 128.4, 119.1, 
114.8, 110.8, 107.9, 106.0, 64.9, 24.6; HRMS-ESI (m/z): exact mass calc’d for C17H14N2O2 





74% yield, pale yellow solid. m.p. = 98-100 °C; Rf = 0.6 (EtOAc : hexane 
= 1:2); 1H NMR (500 MHz, CDCl3) δ 8.21 (br s, 1H), 7.03 (s, 1H), 4.27 (br
s, 1H), 2.11 (s, 3H), 2.08 (s, 3H), 1.35 (s, 6H); 13C NMR (125 MHz, CDCl3) δ 207.3, 156.2,
153.2, 142.2, 113.0, 111.5, 107.6, 64.8, 24.7, 15.1, 13.7; HRMS-ESI (m/z): exact  mass 
calc’d for C12H15NO2 (M+H)
+: 206.1176, found: 206.1176.
4-hydroxy-2,2,6,7-tetramethylindolin-3-one (3jb) 
68% yield, white solid. m.p. = 168-171 °C; Rf = 0.4 (EtOAc : hexane = 
1:2); 1H NMR (600 MHz, CDCl3) δ 7.97 (br s, 1H), 6.12 (s, 1H), 2.24 (s,
3H), 2.00 (s, 3H), 1.36 (s, 6H); 13C NMR (150 MHz, CDCl3) δ 206.3, 157.8, 155.2, 149.8,
110.2, 106.7, 106.1, 65.0, 24.8, 21.2, 11.6; HRMS-ESI (m/z): exact  mass calc’d for 
C12H15NO2 (M+H)
+: 206.1176, found: 206.1176.
4-hydroxy-7-isopropyl-2,2,6-trimethylindolin-3-one (3kb) 
87% yield, white solid. m.p. = 148-150 °C; 1H NMR (500 MHz, CDCl3) δ
8.22 (br s, 1H), 6.08 (d, J = 8.2 Hz, 1H), 4.47 (br s, 1H), 3.19 (sept, J = 
7.2 Hz, 1H), 2.29 (s, 3H), 1.35 (s, 6H), 1.30 (d, J = 7.2 Hz, 6H); 13C NMR (125 MHz, CDCl3)
δ 206.3, 157.1, 155.4, 148.9, 120.3, 107.4, 107.0, 64.4, 27.4, 24.8, 22.0, 20.9; HRMS-
ESI (m/z): exact  mass calc’d for C14H19NO2 (M+H)
+: 234.1489, found: 234.1492; calc’d for
C14H19NO4 (M+Na)
+: 256.1308, found: 256.1309.
5-bromo-4-hydroxy-2,2,7-trimethylindolin-3-one (3lb) 
Reaction was carried out in methylene chloride, didn’t work in toluene. 77% 
yield, white solid. m.p. = 127-132 °C; 1H NMR (500 MHz, CDCl3) δ 8.46
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(br s, 1H), 7.33 (s, 1H), 2.10 (s, 3H), 1.37 (s, 6H); 13C NMR (125 MHz, CDCl3) δ 206.1, 
157.2, 152.0, 142.4, 113.9, 107.9, 95.0, 65.3, 24.6, 15.0; HRMS-ESI (m/z): exact  mass 
calc’d for C11H12BrNO2 (M+H)
+: 270.0124, found: 270.0124.
4-hydroxy-2,2-dimethyl-1,2,6,7,8,9-hexahydro-3H-benzo[g]indol-
3-one (3mb) 
Have m.p. = 164-170 oC of diketo 5mb. 65% yield, white solid. m.p. = xx; 
1H NMR (500 MHz, CDCl3) δ 7.87 (br s, 1H), 6.00 (s, 1H), 2.70 (t, J = 6.0 Hz, 2H), 2.40 (t, 
J = 6.2 Hz, 2H), 1.85-1.73 (m, 4H), 1.35 (s, 6H); 13C NMR (125 MHz, CDCl3) δ 205.8, 
158.0, 154.8, 150.6, 111.6, 105.7, 105.0, 65.0, 31.1, 24.7, 22.9, 22.8, 22.7. 
2,2-dimethyl-8,9-dihydro-7H-6a,1-
(epoxymethano)cyclopenta[h]indole-3,4,11(2H,3aH)-trione (5nb) 
45% yield, white solid. m.p. = 141-145 °C; 1H NMR (500 MHz, CDCl3) δ 
6.96 (d, J = 10.4 Hz, 1H), 6.22 (d, J = 10.4 Hz, 1H), 3.32 (s, 1H), 2.48-
2.44 (m, 1H), 2.35-2.31 (m, 1H), 2.10-2.01 (m, 1H), 1.95-1.90 (m, 1H), 1.87-1.79 (m, 2H), 
1.45 (s, 3H), 1.41 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 206.0, 184.7, 154.4, 144.5, 128.4,
85.3, 70.5, 63.8, 62.2, 43.7, 37.7, 25.4, 22.9, 22.7; HRMS-ESI (m/z): exact  mass calc’d 
for C14H15NO4 (M+H)
+: 262.1074, found: 262.1073; calc’d for C14H15NO4 (M+Na)
+:
284.0893, found: 284.0891. 
4-hydroxy-2,2,8-trimethyl-1,5,6,7-tetrahydrocyclopenta[f]indol-
3(2H)-one (3ob) 
81% yield, white solid. m.p. = 173-177 °C; Rf = 0.5 (EtOAc : hexane = 
1:2); 1H NMR (500 MHz, CDCl3) δ 8.12 (br s, 1H), 4.24 (br s, 1H), 2.80 (td, J = 7.4, 3.9 Hz,
4H), 2.07 (quint, J = 7.4 Hz, 2H), 2.02 (s, 3H), 1.35 (s, 6H); 13C NMR (125 MHz, CDCl3) δ
206.4, 158.2, 157.6, 150.7, 119.1, 107.7, 107.0, 65.3, 32.9, 27.9, 25.5, 24.8, 12.2; 
HRMS-ESI (m/z): exact  mass calc’d for C14H17NO2 (M+H)




64% yield, white solid. m.p. = 124-128 °C; 1H NMR (500 MHz, CDCl3) δ
6.50 (apparently s, 1H), 4.10 (d, J = 1.6 Hz, 1H), 1.86 (d, J = 1.1 Hz, 3H), 
1.72 (s, 3H), 1.42 (s, 3H), 1.37 (s, 3H), 1.36 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 208.7,
189.6, 153.0, 141.4, 134.5, 76.4, 67.3, 62.4, 57.3, 25.8, 23.0, 22.9, 20.6, 17.0; HRMS-
ESI (m/z): exact  mass calc’d for C14H17NO4 (M+H)
+: 264.123, found: 264.1232.
31,4,4,8,8a-pentamethyl-31,8a-dihydro-2H-oxazolo[5,4,3-
hi]indole-2,5,6(4H,5aH)-trione (5qb) 
43% yield, white solid. m.p. = 177-180 °C; Rf = 0.3 (EtOAc : hexane = 
1:2); 1H NMR (600 MHz, CDCl3) δ 6.05 (s, 1H), 3.22 (s, 1H), 2.15 (s, 3H),
1.64 (s, 3H), 1.46-1.457 (s overlapped, 6H), 1.32 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 
205.8, 183.3, 160.5, 152.8, 126.4, 82.5, 64.3, 62.8, 62.4, 25.4, 25.3, 23.5, 19.5, 19.1; 
HRMS-ESI (m/z): exact  mass calc’d for C14H17NO4 (M+H)
+: 264.123, found: 264.124;
calc’d for C14H17NO4 (M+Na)
+: 286.105, found: 286.1058.
8a'-methyl-31',8a'-dihydro-2'H,5'H-spiro[cyclopentane-1,4'-
oxazolo[5,4,3-hi]indole]-2',5',6'(5a'H)-trione (5ac) 
45% yield, white solid. m.p. > 300 °C; 1H NMR (500 MHz, CDCl3) δ 6.96
(dd, J = 10.5, 1.6 Hz, 1H), 6.15 (d, J = 10.5 Hz, 1H), 4.52 (dd, J = 7.0, 
1.7 Hz, 1H), 3.53 (d, J = 7.0 Hz, 1H), 2.39-2.34 (m, 1H), 2.03-1.98 (m, 1H), 1.97-1.80 (m, 
4H), 1.75-1.67 (m, 5H); 13C NMR (125 MHz, CDCl3) δ 206.3, 183.4, 152.9, 146.8, 128.3,
75.9, 72.4, 60.7, 54.9, 38.6, 34.4, 26.6, 25.8, 25.3; HRMS-ESI (m/z): exact mass calc’d for 





HRMS-ESI (m/z): exact mass calc’d for C19H21NO5 (M+H)+: 
344.1492, found: 344.1487; calc’d for C19H21NO5 (M+Na)+: 366.1312, found: 366.1312. 
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Oxidation of phenols with hypervalent iodine reagents: 
Formation of iodo diphenyl ethers 
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Introduction 
In our acridone and carbazole chemistry para-substituted quinols served as the coupling 
partners to give rapid access to tricyclic compounds. In the preparation of various 
substituted p-quinols, hypervalent iodine compounds, namely phenyliodine(III) diacetate 
(PIDA) and phenyliodine(III) trifluoroacetate (PIFA) have been used extensively owing to 
their low toxicity, easy handling and ready availability. Although the true nature of 
hypervalent iodine induced oxidative dearomatization of phenols still remains unclear,1-2 the 
idea of a concerted nucleophilic attack has been suggested based on the studies shown by 
Kita et al. where a high level of asymmetrical induction was realized with chiral hypervalent 
iodine mediated oxidation of ortho-phenols.3-4 On the other hand, oxidation of phenol ethers 
was shown to proceed via cation radicals [ArH·+] generated by single-electron transfer (SET) 
from the charge-transfer complex of protected phenols with PIFA.5 Unprotected phenols, in 
comparison, was believed to oxidize directly through an ionic route when PIFA was applied, 
whereas PIDA was thought to tend to favor a series SET reactions.6 In the widely presented 
ionic mechanism oxidation of p-phenols was believed to proceed via phenoxy-λ3-iodane 
species 4, shown in scheme 1, which would be generated from ligand exchange followed by 
attack of water in a plausible associative manner to give quinol 2 (Scheme 1).1-2  
Scheme 1. Proposed reaction pathway of p-quinol formation 
The efficient conversion of p-substituted phenols to quinols involved the portion-wise 
addition to phenol 1 of 1.5 equiv of iodine reagent in the mixture of acetonitrile and water 
on ice and reaction at room temperature over one hour, which afforded quinol 2 in 
moderate to good yield. The problem in this oxidation arises from generation of radical 
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species which often leads to complex mixture of intractable materials and thus results in 
moderate yield. A more interesting problem is the occurrence of a novel side reaction which 
gives the rearrangement product iodo diphenylether 3 (Scheme 2) under certain reaction 
conditions, albeit in limited yields. Here we present a study of that competing reaction, the 
conditions that favor it at the expense of quinol formation, and also a possible reaction 
pathway.  
Scheme 2. Formation of the rearrangement product from oxidation of phenol with PIDA 
Results and Discussions 
The optimum conditions for the formation of p-quinol required 1.5 equiv of iodine III 
reagent in a solvent mixture of acetonitrile and water with a ratio of 3 to 1. The yield of p-
quinol using PIDA or PIFA was comparable, but the yield of byproducts 3 was only found 
when 2 equiv of PIDA was applied to oxidize phenol 1d and 1e (Scheme 2). The byproduct 
from 1 was established unambiguously to be the iodo diphenylether 3 from NMR, mass 
spectral data and single crystal X-ray diffraction analysis of 3d (Figure 1). Lots of efforts 
were made in optimizing the reaction conditions to favor the formation of the byproduct 3 
and it was found challenging. By now trace amount of 3b was obtained when 4 equiv of 
PIDA was added to p-ethylphenol in a solvent mixture of acetone and water with a ratio of 3 
to 1 (Table 1, entry 11) along with 33% of quinol 2b. 
Figure 1. X-ray structure of 3d 
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Table 1. Screening of reaction conditions 
Entry Iiii (equiv) Solvent (ratio) Temp (oC) Time (h) % Yield (2b/3b) 
1 PIFA (4) CH3CN/H2O (3:1) r.t. 18 ~~~
a/tracec 
2 PIFA (4) CH3CN/H2O (1:1) r.t./60 48/2 weeks
b ~~~ /--- a 
3 PIFA (10) CH3CN/H2O (1:1) r.t./60 48/2 weeks
b ~~~ /--- a 
4 PIFA (4) DMF/ H2O (2:1) r.t./60 48/2 weeks
b ~~~ /--- a 
5 PIFA (4) DMSO/ H2O (2:1) r.t./60 48/2 weeks
b ~~~ /--- a 
6 PIFA (4) 1,4-dioxane/H2O (2:1) r.t./60 48/2 weeks
b ~~~ /--- a 
7 PIFA (4)/ DDQ (1) 1,4-dioxane/H2O (3:1) r.t. 18 57/---
d 
8 PIFA (4)/ K2CO3 (1) Acetone/ H2O(3:1) r.t./60 48/2 weeks
b ~~~ /--- a 
9 PIDA (4) Acetone/ H2O(1:1) r.t./60 48/2 weeks
b ---/--- d 
10 PIDA (2) Acetone/ H2O(3:1) r.t./60 48/2 weeks
b ---/--- d 
11 PIDA (4) Acetone/ H2O(3:1) r.t. 24 33/3
 d 
a. Formation  of 2b and 3b were monitored on the TLC plate, no isolation performed. 2b was
observed, 3b was not.
b. TLC was performed at 18, 24 and 48 hrs, no 3b was formed, then was let to react for two weeks,
no 3b formed determined by the TLC.
c. Trace amount of 3b was obtained after performed prep-TLC isolation, but cannot be reproduced in
other separated trials.
d. Isolated yields reported from prep-TLC purification.
Oxidation of several para-alkylphenols was performed under the so optimized condition 
shown in Table 2. A typical procedure involved addition of 4 equiv PIDA to p-phenol in a 
solvent mixture of acetone and water in 3 to 1 ratio then reaction at room temperature. The 
formation of p-quinol 2 usually finished within 1 h, the rearrangement product 3 could take 
two days; however prolonged reaction time lead to consumption of p-quinol 2, yet no 
increase of formation of iodo diphenyl ether 3. …-__-…  
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Table 2. Substrate scope of substituted p-phenola 
(a). all isolated yields from prep-TLC purification (b). iodo diphenyl ether 3f was not observed. (c). 
quinol 2h (R = CHO, R’ = H) was not observed. (d). quinol 2i (R = CN, R’ = H) was not observed. (e). 
quinol 2j (R = CF3, R’ = H) was not observed.  
The transformation of p-phenol 1 to iodo diphenylether 3 was found to be novel, 
although the utility of the reaction was limited due to the trace amount yield and narrow 
substrate scope. Phenols bearing conjugated electron withdrawing groups at the para 
position are known to provide rearrangement product under hypervalent iodine oxidation.7-9 
We believe that the mechanistic pathway shown in Scheme 3 involved the formation of 
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elimination addition product 6 from the phenoxy-λ3-iodane species 4, which was oxidized by 
the second equiv PIDA to afford ketone 7 which was further oxidized to the Sommelet–
Hauser type intermediate 8 by the third equiv PIDA. The phenyliodonio phenolate 10 was 
likely the intermediate from 8 to provide aromatic nucleophilic ipso-substitution product iodo 
diphenyl ether 3 via the spiro-Meisenheimer complex 11. To further support our 
understanding of the mechanism, benzyl alcohol 6 and ketone 7 were treated with PIDA in 
the separate experiments and both obtained rearrangement product 3.10
Scheme 3. Plausible mechanistic pathway of iodo diphenyl ether formation 
In summary, a novel rearrangement of p-alkyl phenol to iodo diphenyl ether through 
oxidation of PIDA was discovered with investigation of the reaction mechanism. Albeit 
limited yield was obtained this one step reaction not only provided access to dibenzofuran 
derivatives, also extended the reaction scope of PIDA mediated rearrangement of p-phenol 
where para position bearing the electron withdrawing groups (EWG) was required to 




All reactions were carried out under dry nitrogen in oven-dried glassware, unless the 
procedure states otherwise. Anhydrous methylene chloride (CH2Cl2) and acetonitrile (CH3CN) 
was distilled from phosphorus pentoxide, toluene (tol) was distilled from sodium, and 
tetrahydrofuran (THF) was distilled from sodium under nitrogen atmosphere. All reactions 
were performed under nitrogen protection and gas exchange was done with a nitrogen 
balloon and house vacuum. Reagents purchased from commercial sources were used as 
received or synthesized following literature procedures were recrystallized if it was 
applicable. Reactions were monitored by thin-layer chromatography (TLC) which was 
developed on Silicycle SiliaPlate TLC glass backed plates with pre-coated silica gel 60 
bearing an F-254 UV indicator and visualized by exposure to ultraviolet light or stained with 
ceric ammonium molybdate followed by heating on a heat gun. Preparative thin-layer 
chromatography (prep TLC) was done on the same TLC plates with the proper thickness. 
Column chromatography was performed over silica gel with porosity of 60 angstrom and 
particle size of 40-63 microns. 1H and 13C NMR spectra were recorded on Bruker 400, 500 
and 600 MHz spectrometers. Chemical shifts (δ values) were reported in ppm downfield 
from internal residual solvent peaks. Mass spectrometric data were measured by the late Dr. 
Cliff Soll and Dr. Barney Yoo at Hunter College mass spectrometry facility and taken on an 
Agilent 6520A Q-TOF spectrometer using electrospray ionization. The X-ray crystallography 
experiments were performed on Bruker Kappa X8 Apex II diffractometer by Dr. Michelle 
Neary at Hunter College X-ray facility and Bruker AXS Smart Apex II single crystal 
diffractometer by Dr. Chunhua Hu at Department of Chemistry, New York University. 
Microwave reactions were conducted on CEM Discover SP reactor. Infrared spectra were 
collected on Thermo Nicolet IR100 spectrometer.  
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Experimental Procedures and Analytical Data 
1. Synthesis of p-quinols 2a-2g, iodo diphenyl ethers 3a-3e, 3g-3j
Scheme 4. Synthesis of p-quinols 2 and iodo diphenyl ethers 3 from p-phenols 
General procedure for the synthesis of p-quinols and iodo diphenyl ethers. 
Method A. A solution of the corresponding p-alkylphenol s1 (0.5 mmol) in acetone/H2O (24 
ml, 3:1) was cooled to 0oC in an ice bath, phenyliodine(III) diacetate (PIDA) (2.0 mmol) 
was added in small portions. The reaction mixture was stirred at 0oC until fully consumption 
of the starting material and the formation of product 3 (monitored by TLC), then diluted 
with EtOAc (10 ml), quenched with saturated aq. NaHCO3 (15 ml) and layers were 
separated. The aqueous layer was extracted three times with EtOAc (3 x 10 ml). The 
organic layers were combined and washed with brine (15 ml) and water (15 ml), dried over 
Na2SO4, then concentrated in vacuo. The residue was purified by prep-TLC to provide the 
desired product. 
4-hydroxy-4-methylcyclohexa-2,5-dien-1-one (2a) 
27% yield, white solid. 1H NMR (500 MHz, CDCl3) δ 6.88 (d, J = 10.1 Hz, 2H),
6.14 (d, J = 10.1 Hz, 2H), 2.02 (br s, 1H), 1.49 (s, 3H); 13C NMR (125 MHz, 
CDCl3) δ 185.6, 152.2, 127.7, 67.6, 27.1. 
3-iodo-4-phenoxybenzaldehyde  (3a) 
5% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 9.86 (s, 1H), 8.38 (d, J = 2.0
Hz, 1H), 7.75 (dd, J = 6.5, 2.0 Hz, 1H), 7.43 (t, J = 8.1 Hz, 2H), 7.25 (t, J = 7.5 
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Hz, 1H), 7.08 (d, J = 7.6 Hz, 2H), 6.82 (d, J = 8.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ
189.7, 162.5, 155.4, 142.1, 133.1, 131.6, 130.6, 125.6, 120.6, 116.9, 87.9. 
4-(1-hydroxyethyl)phenol (6b) 
65% yield, white solid. 1H NMR (500 MHz, (CD3)2CO) δ 8.32 (br s, 1H), 7.25 (d, J
= 8.5 Hz, 2H), 6.82 (d, J = 8.5 Hz, 2H), 4.81 (q, J = 6.3 Hz, 1H), 4.24 (br s, 1H), 
2.56 (d, J = 6.5 Hz, 3H); 13C NMR (125 MHz, (CD3)2CO) δ 157.8, 139.6, 128.1, 116.3, 70.4,
26.8; 
1-(4-hydroxyphenyl)ethan-1-one (7b) 
11% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 8.7 Hz, 2H), 6.88
(d, J = 8.7 Hz, 2H), 5.49 (br s, 1H), 2.56 (s, 3H). 
4-ethyl-4-hydroxycyclohexa-2,5-dien-1-one (2b) 
33% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 6.82 (d, J = 10.1 Hz, 2H),
6.20 (d, J = 10.1 Hz, 2H), 2.43 (br s, 1H), 1.82 (q, J = 7.5 Hz, 2H), 0.88 (t, J = 
7.5 Hz, 3H). 
1-(3-iodo-4-phenoxyphenyl)ethan-1-one (3b) 
3% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 8.46 (d, J = 2.1 Hz, 1H), 
7.84 (dd, J = 8.6, 2.1 Hz, 1H), 7.41 (t, J = 8.1 Hz, 2H), 7.22 (d, J = 7.4 Hz, 
1H), 7.06 (d, J = 7.6 Hz, 2H), 6.78 (d, J = 8.5 Hz, 1H), 2.56 (s, 3H). 
4-hydroxy-4-propylcyclohexa-2,5-dien-1-one (2c) 
64% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 6.82 (d, J = 10.2 Hz, 2H),
6.19 (d, J = 10.2 Hz, 2H), 1.76-1.72 (m, 2H), 1.34-1.25 (m, 2H), 0.93 (t, J = 
7.2 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 186.4, 152.9, 127.5, 69.8, 42.0, 16.9, 14.2.
130
1-(3-iodo-4-phenoxyphenyl)propan-1-one (3c) 
0.5% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 8.47 (d, J = 2.1 Hz, 1H),
7.85 (dd, J = 8.6, 2.1 Hz, 1H), 7.40 (t, J = 8.0 Hz, 2H), 7.22 (t, J = 7.5 Hz, 
1H), 7.05 (d, J = 7.6 Hz, 2H), 6.78 (d, J = 8.6 Hz, 1H), 2.95 (q, J = 7.4 Hz, 2H), 1.22 (t, J 
= 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 198.6, 161.1, 155.8, 140.5, 133.6, 130.5, 
130.0, 125.2, 120.2, 116.9, 87.7, 32.0, 8.6. 
7a-hydroxy-1,2,3,7a-tetrahydro-5H-inden-5-one (2d) 
44% yield, white solid. 1H NMR (600 MHz, CDCl3) δ 6.98 (d, J = 10.0 Hz, 1H),
6.01 (d, J = 10.0 Hz, 1H), 5.90 (s, 1H), 3.07 (br s, 1H), 2.87 (t, J = 14.3 Hz, 
1H), 2.46-2.41 (m, 1H), 2.26-2.18 (m, 1H), 2.04 (dd, J = 8.0, 13.4 Hz, 1H), 1.94-1.88 (m, 
1H), 1.59-1.54 (m, 1H). 
4-iodo-5-phenoxy-2,3-dihydro-1H-inden-1-one (3d) 
9% yield, white solid. m.p. = 111-115 oC; 1H NMR (400 MHz, CDCl3) δ 7.61 (d, J
= 8.4 Hz, 1H), 7.41 (t, J = 7.8 Hz, 2H), 7.22 (t, J = 7.3 Hz, 2H), 7.06 (t, J = 7.9 
Hz, 1H), 6.74 (t, J = 8.3 Hz, 1H), 3.06-3.03 (m, 2H), 2.77-2.74 (m, 2H); 13C NMR (100 
MHz, CDCl3) δ 205.6, 162.8, 162.3, 155.8, 134.0, 130.5, 125.3, 125.2, 120.2, 116.9, 89.0, 
37.1, 31.7. 
5-hydroxy-2,3-dihydro-1H-inden-1-one (7d) 
white solid. 1H NMR (500 MHz, CDCl3) δ 7.69 (d, J = 8.3 Hz, 1H), 6.87 (s, 1H),
6.84 (d, J = 8.3 Hz, 1H), 5.56 (br s, 1H), 3.09-3.07 (m, 2H), 2.70-2.67 (m, 2H); 
13C NMR (125 MHz, CDCl3) δ 158.8, 126.2, 116.1, 116.0, 112.6, 112.5, 36.8, 26.0; HRMS-
ESI (m/z):  exact mass calc’d for C9H8O2 (M+H)
+: 149.0597, found: 149.0597.
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4a-hydroxy-5,6,7,8-tetrahydronaphthalen-2(4aH)-one (2e) 
38% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 6.74 (d, J = 10.0 Hz, 1H),
5.97 (dd, J = 10.0, 2.0 Hz, 1H), 5.84 (t, J = 1.7 Hz, 1H), 3.52 (br s, 1H), 2.64 
(tdd, J = 13.1, 4.9, 1.6 Hz, 1H), 2.22 (apparently d, J = 12.3 Hz, 1H), 2.05-2.00 (m, 1H), 
1.97-1.82 (m, 2H), 1.58-1.54 (m, 1H), 1.32-1.18 (m, 2H). 
5-iodo-6-phenoxy-3,4-dihydronaphthalen-1(2H)-one (3e) 
12% yield, white solid. m.p. = 94-97 oC; 1H NMR (600 MHz, CDCl3) δ 7.94 (d, J =
8.5 Hz, 1H), 7.36 (t, J = 7.6 Hz, 2H), 7.17 (t, J = 7.5 Hz, 1H), 7.02 (t, J = 8.3 
Hz, 2H), 6.66 (d, J = 8.7 Hz, 1H), 3.01 (d, J = 6.2 Hz, 2H), 2.60 (d, J = 6.3 Hz, 2H), 2.14 
(quint, J = 6.3 Hz, 2H); 13C NMR (150 MHz, CDCl3) δ 196.6, 161.2, 155.6, 149.6, 130.2, 
129.4, 129.3, 124.9, 119.9, 115.4, 94.6, 37.9, 36.4, 22.9. 
methyl 2-(1-hydroxy-4-oxocyclohexa-2,5-dien-1-yl)acetate (2f) 
27% yield, white solid. 1H NMR (500 MHz, CDCl3) δ 6.96 (d, J = 10.1 Hz,
2H), 6.21 (d, J = 10.1 Hz, 2H), 3.94 (br s 1H), 3.77 (s, 3H), 2.71 (s, 2H); 
13C NMR (125 MHz, CDCl3) δ 186.4, 152.9, 127.5, 69.8, 42.0, 16.9, 14.2; 
1-hydroxy-4-oxocyclohexa-2,5-diene-1-carbaldehyde (2g) 
(3g, 3h same as 3a) 
Method A was followed, 2 eq PIDA added. 37% yield, white solid. 8% yield of 7-
3. 15% yield for 8-3. s1H NMR (400 MHz, CDCl3) δ 9.87 (s, 1H), 7.82 (d, J = 8.7 Hz, 2H),
6.97 (d, J = 8.5 Hz, 2H), 5.96 (br s,  1H); 13C NMR (100 MHz, CDCl3) δ 191.4, 161.7, 
132.8, 130.4, 116.3. 
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3-iodo-4-phenoxybenzonitrile (3i) 
30% yield, white solid. 1H NMR (500 MHz, CDCl3) δ 8.13 (d, J = 2.0 Hz, 1H),
7.52 (dd, J = 6.6, 2.0 Hz, 1H), 7.43 (t, J = 8.0 Hz, 2H), 7.26 (apparently t, 
overlapped with CHCl3, 1H), 7.06 (d, J = 7.8 Hz, 2H), 6.74 (d, J = 8.6 Hz, 1H); 
13C NMR (125 MHz, CDCl3) δ 161.5, 155.0, 143.7, 133.9, 130.7, 125.9, 120.6, 117.6, 
116.8, 108.1, 87.4. 
2-iodo-1-phenoxy-4-(trifluoromethyl)benzene (3j) 
33% yield, white solid. 1H NMR (500 MHz, CDCl3) δ 8.12 (apparently s, 1H), 
7.51 (d, J = 8.5 Hz, 1H), 7.41 (t, J = 7.7 Hz, 2H), 7.22 (t, J = 7.4 Hz, 1H), 7.06 
(d, J = 8.5 Hz, 2H), 6.84 (d, J = 8.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 160.2, 155.9,
137.4 (q, J = 3.7 Hz), 130.5, 127.2 (q, J = 3.5 Hz), 125.1, 120.0, 117.5, 87.7. 
Experimental Procedures and Analytical Data: Versatile Synthesis of 
PIDA Oxidation of Phenols  
1. Versatile synthesis of p-quinoids
Scheme 5. PIDA oxidation of phenols with different nucleophiles 
1-ethyl-4-oxocyclohexa-2,5-dien-1-yl acetate 
Solvent: AcOH, 66% yield; 1H NMR (400 MHz, CDCl3) δ 6.80 (d, J = 10.2 Hz,
2H), 6.29 (d, J = 10.3 Hz, 2H), 2.07 (s, 3H), 1.87 (q, J = 7.5 Hz, 2H), 0.89 (t, 
J = 7.5 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 185.7, 169.8, 148.5, 129.5, 32.5, 21.6, 8.0.
133
4-isopropyl-4-(2,2,2-trifluoroethoxy)cyclohexa-2,5-dien-1-one 
Solvent: H2O/HOCH2CF3, 55% yield, white solid. 
1H NMR (400 MHz, CDCl3)
δ 6.72 (d, J = 10.3 Hz, 2H), 6.43 (d, J = 10.3 Hz, 2H), 3.65 (q, J = 8.5 Hz, 
2H), 2.09 (sept, J = 6.9 Hz, 1H), 0.96 (d, J = 6.9 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ
185.7, 169.8, 148.5, 129.5, 32.5, 21.6, 8.0. 
2. Coupling reaction of p-methoxyphenol
Scheme 6. Synthesis of dione from coupling reaction of p-methoxyphenol 
2-(4-methoxyphenoxy)cyclohexa-2,5-diene-1,4-dione 
crimson red solid; 1H NMR (500 MHz, CDCl3) δ 7.01 (d, J = 9.1 Hz,
2H), 6.94 (d, J = 9.1 Hz, 2H), 6.80 (d, J = 10.1 Hz, 1H), 6.71 (dd, J 
= 10.1, 2.3 Hz, 1H), 5.73 (d, J = 2.4 Hz, 1H), 3.83 (s, 3H); 13C NMR (125 MHz, CDCl3) δ
188.0, 182.0, 159.4, 158.2, 146.0, 137.4, 134.9, 122.2, 115.7, 111.1, 56.0. 
3. Coupling reaction of 3,4-dimethoxyphenol
Scheme 7. Synthesis of dione from coupling reaction of 3,4-dimethoxyphenol 
2'-hydroxy-4,4',5'-trimethoxy-[1,1'-biphenyl]-2,5-dione 
purple blue solid; 1H NMR (500 MHz, CDCl3) δ 8.52 (br s, 1H),
6.71 (s, 1H), 6.65 (s, 1H), 6.56 (s, 1H), 6.07 (s, 1H), 3.91 (s, 
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3H), 3.90 (s, 3H), 3.85 (s, 3H), 0.96 (d, J = 6.9 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ 
191.4, 181.6, 159.6, 153.9, 150.6, 147.9, 144.2, 134.5, 132.1, 113.4, 108.3, 103.5, 57.1, 
56.9, 56.4. 
4. PIDA oxidation of quinol to Pummerer’s ketone
Scheme 8. Synthesis of Pummerer’s ketone from PIDA oxidation of quinol 
Pummerer’s ketone 
white solid. 1H NMR (500 MHz, CDCl3) δ 7.01 (s, 1H), 6.99 (d, J = 8.1 Hz, 1H),
6.72 (d, J = 8.1 Hz, 1H), 6.46 (dd, J = 10.2, 1.9 Hz, 1H), 5.92 (d, J = 10.3 Hz, 
2H), 6.10 (dd, J = 10.3, 0.7 Hz, 2H), 4.15 (d, J = 10.9 Hz, 1H), 3.27 (s, 3H), 
3.03 (dd, J = 16.9, 4.4 Hz, 1H), 2.40 (dd, J = 17.0, 11.1 Hz, 1H), 2.09 (sept, J = 6.9 Hz, 
1H), 0.96 (d, J = 6.9 Hz, 6H); 13C NMR (125 MHz, CDCl3) 195.4, 157.0, 149.1, 132.5, 
131.4, 130.0, 126.2, 123.5, 110.4, 86.9, 45.4, 37.9, 21.8, 21.3. 
5. Phenol dearomatization to o-quinol and formation of Diels-Alder adduct
Scheme 9. Synthesis of monoketal through dearomatization of phenol 
6-hydroxy-3,6-dimethylcyclohexa-2,4-dien-1-one 






1H NMR (500 MHz, CDCl3) δ 6.03 (s, 1H), 5.88 (d, J = 6.7 Hz, 1H), 4.01 
(s, 1H), 3.33 (d, J = 6.7 Hz, 1H), 3.18-3.14 (overlapped peaks, 3H), 2.30 (s, 1H), 2.01 (s, 
3H), 1.62 (s, 3H), 1.31 (s, 3H), 1.26 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 213.2, 201.8, 
156.7, 136.9, 128.7, 125.2, 73.5, 73.3, 57.3, 45.1, 44.6, 41.4, 32.3, 26.3, 22.8, 21.8. 
6. Photoreaction lead to p-quinoid 
 
Scheme 10. Photoreaction of oxazolidinone to cyclohexadienones via aziridine 
intermediate 
6-methyl-7-phenyl-7-azabicyclo[4.1.0]hept-4-en-3-one 
Solvent: CH2Cl2, 2 h. 
1H NMR (500 MHz, CDCl3) δ 7.19 (t, J = 7.9 Hz, 2H), 6.92 
(d, J = 10.3 Hz, 1H), 6.76 (t, J = 7.4 Hz, 1H), 6.69 (d, J = 7.7 Hz, 2H), 6.10 
(dd, J = 10.3, 0.7 Hz, 2H), 4.15 (d, J = 10.9 Hz, 1H), 3.27 (s, 3H), 3.03 (dd, J = 16.9, 4.4 
Hz, 1H), 2.40 (dd, J = 17.0, 11.1 Hz, 1H), 2.09 (sept, J = 6.9 Hz, 1H), 0.96 (d, J = 6.9 Hz, 
6H).  
4-methyl-4-(phenylamino)cyclohexa-2,5-dien-1-one 
Solvent: MeOH or CH3CN, 2.5 h. 
1H NMR (500 MHz, CDCl3) δ 7.10 (t, J = 8.0 Hz, 
2H), 6.96 (d, J = 10.1 Hz, 1H), 6.75 (t, J = 7.4 Hz, 1H), 6.61 (d, J = 7.8 Hz, 
2H), 6.35 (d, J = 10.1 Hz, 2H), 4.01 (br s, 1H), 1.55 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 
185.4, 156.8, 146.6, 129.9, 119.6, 114.7, 54.7, 30.1. 
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Chapter Five 
Total Synthesis of Jaboticabin and Derivatives 
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Introduction 
The jaboticaba tree (Myrciaria cauliflora (Mart.) O. Berg.) belongs to the family 
Myrtaceae and is native to Brazil, known as the “Brazilian grape tree”.1 Jabaticaba 
fruits are similar to blueberries, grapes, and other dark-colored fruits that they are 
rich in phenolic compounds, including anthocyanins, phenolic acids, flavonoids, and 
tannins. These chemicals are described in details for possessing strong antioxidant 
and anti-inflammatory activities. The jaboticaba fruits are commonly eaten fresh, 
and made to juices, jams, wines and liqueurs. Consumption of dark-colored fruits 
has been very popular in many cultures and a number of in vitro, in vivo and clinical 
studies suggest that they are beneficial to health.2 
There have been phytochemical studies of jaboticaba undergoing and chemical 
composition has been disclosed, also it has been reported that jaboticaba fruits have 
a broad array of bioactivity, such as antioxidant, anti-inflammatory,3 antibacterial,4-5 
improvement of insulin resistance,6 antiobesity,6 antiproliferative, antimutagenic7, 
and effects on chronic obstructive pulmonary disease (COPD).3  
Jaboticabin (1) was first isolated from the fruit of jaboticaba by Kennelly et al. in 
2006, along with 17 known compounds (Scheme 1).8 It belongs to depsides, a type 
of polyphenolic compounds constituted of two of more monocyclic aromatic moieties 
by an ester bond. The researchers reported that jaboticabin showed potent inhibitory 
effect against colon cancer cells (IC50 = 65 μM), and its related depside 2-O-(3,4-
dihydroxybenzoyl)-2,4,6-trihydroxyphenylacetic acid (2) significantly inhibited 
another colon cancer cells (IC50 = 30 μM). Also both compounds 1 and 2 exhibited 
antiradical activity (IC50 = 51.4 and 61.8 μM, respectively). Considering the full 
spectrum of bioactivity reported of jaboticana, there may be potential to develop 
these fruits as functional foods and impacts in agroindustry.     
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Figure 1. Weird looking Jaboticaba tree, grape-looking jaboticaba fruits and 
jaboticabin molecule (left) Jaboticaba tree, (center) jaboticaba fruits and (right) 
jaboticabin (1),  2-O-(3,4-dihydroxybenzoyl)-2,4,6-trihydroxyphenylacetic acid (2)  
Jaboticaba was later also isolated from some other important edible fruits, such 
as kiwi,9 cranberry,10 and chokeberry fruits,11 and found to possess potent 
antioxidant activity.11 Even though having these potential bioactive applications, 
Kennelly and co-workers pointed out that jaboticabin (1) is a minor component in 
the fruit extract and sometimes it cannot be detected from the commercial products 
of jaboticaba.12 Therefore, it was desirable to synthesize this compound and its 
derivatives in larger amount for in vivo experiments and to study the structural-
activity relationship.   
Synthesis of jaboticabin (1) commenced with the known phloroglucinol triacetate 
4,13 and direct allylation using Kawamoto’s protocol14 afforded 5 in good yield, 
presumably through a monodeacetylation/allylation process (Scheme 2).15 Similarly, 
dibenzylation of 5 led to the known 1-allyloxy-3,5-dibenzyloxybenzene 6 
quantitatively.16 Claisen rearrangement of 6 under microwave radiation provided 
substituted phenol 7. A subsequent esterification was achieved by coupling of phenol 
7 with acid chloride 11, which, in turn, was obtained in three steps from 
commercially available 3,4-dihydroxybenzoic acid 8.17 Ozonolysis followed by 
Lindgren–Kraus–Pinnick oxidation18-21 afforded the phenylacetic acid 14. Treatment 
of 14 with trimethylsilyldiazomethane22 followed by global debenzylation23 provided 
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jaboticabin 1 as an off-white solid, with 1H and 13C NMR data in full accord with those 
of the authentic natural product.3 The depside derivative 2 was obtained from direct 
global debenzylation of the common phenylacetic acid 14, and ethyl ester derivative 
17 of jabaticabin was made from esterification of 14 followed by Pd/C mediated 
global debenzylation.    
Scheme 1. Total synthesis of jaboticabin (1) and derivatives 
In summary, we have synthesized jaboticabin from commercially available 
phloroglucinol and 3,4-dihydroxybenzoic acid in nine linear steps along with two 
phenolic derivatives. The material has been prepared for animal studies and 




All reactions were carried out under dry nitrogen in oven-dried glassware, unless the 
procedure states otherwise. Anhydrous chloroform was distilled from CaCl2, and 
dichloromethane (CH2Cl2) was distilled from P2O5, under an atmosphere of argon. 
Anhydrous methylene chloride was distilled from phosphorus pentoxide, toluene (tol) 
was distilled from sodium, and tetrahydrofuran (THF) was distilled from sodium 
under nitrogen atmosphere. All reactions were performed under nitrogen protection 
and gas exchange was done with a nitrogen balloon and house vacuum. Reagents 
purchased from commercial sources were used as received or synthesized following 
literature procedures were recrystallized if it was applicable. Reactions were 
monitored by thin-layer chromatography (TLC) which was developed on Silicycle 
SiliaPlate TLC glass backed plates with pre-coated silica gel 60 bearing an F-254 UV 
indicator and visualized by exposure to ultraviolet light or stained with ceric 
ammonium molybdate followed by heating on a heat gun. Preparative thin-layer 
chromatography (prep TLC) was done on the same TLC plates with the proper 
thickness. Column chromatography was performed over silica gel with porosity of 60 
angstrom and particle size of 40-63 microns. 1H and 13C NMR spectra were recorded 
on Bruker 400, 500, 600 MHz spectrometers. Chemical shifts (δ values) were 
reported in ppm downfield from internal TMS (1H NMR) or CDCl3 (
13C NMR), 
respectively. The high-resolution mass spectrometry data were obtained by the late 
Dr. Cliff Soll at the Hunter College Mass Spectrometry Facility, taken on an Agilent 
6520A Q-TOF using electrospray ionization, and by Dr. Lijia Yang at the City College 
Mass Spectrometry Facility, taken on an AB Sciex 4000 QTRAP LC-MS/MS, to confirm 
intermediates in the synthesis of jaboticabin. All infrared spectra were taken on a 
Thermo Nicolet IR100 spectrometer.  
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Experimental Procedures and Analytical Data 
 
Benzene-1,3,5-triyl triacetate  (4).24 To a solution of anhydrous 1,3,5-
trihydroxybenzene (phloroglucinol) 1 (1g, 7.9mmol) in pyridine (8ml) was added 
acetic anhydride (2.6g, 25.4mmol). The mixture was heated at reflux for 12 hours, 
then diluted with ethyl acetate, washed with aqueous hydrochloric acid (1M), brine 
and water, dried over Na2SO4, filtered, concentrated under reduced pressure. The 
crude product was purified by silica column chromatography to afford a white solid, 
1.5g, 75%. 1H-NMR (500MHz, CDCl3) δ 6.83 (s, 3H), 2.26 (s, 9H) ppm. TLC (ethyl 
acetate : n-hexane = 1:4): Rf 0.3.  
 
Acetic acid 3-acetoxy-5-allyloxy-phenyl ester (5).15 To a solution of 4 (6.59g, 
26.15mmol), 2.4 eq. of sodium hydride in mineral oil 60% (2.5g, 62.77mmol) in 
anhydrous DMF (15ml) under nitrogen was added allyl bromide (3.8g, 31.38mmol) 
at room temperature. The mixture was cooled to 0oC, and 1.89ml of H2O was added 
dropwise over 30 minutes. Then the reaction mixture was stirred at room 
temperature for 2 hours, diluted with ethyl acetate, washed with brine and water, 
dried over Na2SO4, filtered, concentrated under reduced pressure. The residue was 
purified by silica column chromatography (ethyl acetate : n-hexane = 1:10) to yield 
a colorless liquid (4.75g, 73%). 1H-NMR (500MHz, CDCl3) δ 6.56 (d, J = 1.9 Hz, 2H), 
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6.53 (t, J = 1.9 Hz, 1H), 6.04-5.98 (m, 1H), 5.39 (dd, J = 17.2, 1.5 Hz, 1H), 5.29 
(dd, J = 10.5, 1.3 Hz, 1H), 4.50-4.49 (m, 2H), 2.27 (s, 6H) ppm. 13C-NMR (125 MHz, 
CDCl3) δ 168.8, 159.6, 151.6, 132.5, 118.0, 107.9, 106.0, 77.27, 77.02, 76.77, 
69.22, 21.12 ppm. TLC (ethyl acetate : n-hexane = 1:4): Rf 0.4. 
 
1,3-bis(phenylmethoxy)-5-(2-propen-1-yloxy)-benzene (6). To a solution of 5 
(140mg, 0.56mmol), sodium hydride in mineral oil 60% (107mg, 2.7mmol) in 
anhydrous DMF (2ml) under nitrogen was added benzyl bromide (0.16ml, 1.34mmol, 
2.4 eg.) at room temperature. The mixture was cooled to 0oC, and 0.03ml of H2O 
was added dropwise over 15 minutes. Then the reaction mixture was stirred at room 
temperature for 2 hours, diluted with ethyl acetate, washed with brine and water, 
dried over Na2SO4, filtered, concentrated under reduced pressure. The residue was 
purified by silica column chromatography (ethyl acetate : n-hexane = 1:20) to yield 
a white solid quantitatively. 1H-NMR (500MHz, CDCl3) δ 7.41-7.30 (m, 10H), 6.25-
6.24 (m, 1H), 6.19 (d, J = 2.0 Hz, 2H), 6.05-5.98 (m, 1H), 5.40 (dd, J = 17.3, 1.5 
Hz, 1H), 5.26 (dd, J = 10.5, 1.2 Hz, 1H), 4.99 (s, 4H), 4.46 (d, J = 5.3 Hz, 2H) ppm. 
TLC (ethyl acetate : n-hexane = 1:9): Rf 0.65. 
 
2-Allyl-3,5-bis(benzyloxy)phenol (7).16 1,3-bis(phenylmethoxy)-5-(2-propen-1-
yloxy)-benzene 6 (2.1g, 6.1mmol) was dissolved in o-dichlorobenzene (5ml). The 
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solution was heated to 230 oC in a sealed tube in a microwave reactor for 30 minutes. 
The mixture was then diluted with ethyl acetate, washed with brine and water, dried 
over Na2SO4, filtered, concentrated under reduced pressure. The residue was purified 
by silica column chromatography (ethyl acetate : n-hexane = 1:10) to yield a 
yellowish crystal (1.35g, 64%). 1H-NMR (500MHz, CDCl3) δ 7.44-7.34 (m, 10H), 
6.28 (d, J = 2.1 Hz, 1H), 6.20 (d, J = 2.1 Hz, 1H), 6.03-5.95 (m, 1H), 5.18-5.08 (m, 
3H), 5.02 (d, J = 7.8 Hz, 4H), 3.47 (d, J = 6.1 Hz, 2H) ppm. TLC (ethyl acetate : n-
hexane = 1:4): Rf 0.6. 
 
3,4-Bis(phenylmethoxy)-benzoic acid (10).17 To a solution of 3,4-Dihydroxybenzoic 
acid 8 (2g, 13mmol) in acetone (10ml), potassium carbonate (7.72g, 51.95mmol) 
was added benzyl bromide (6.67g, 38.93mmol). The mixture was heated at reflux 
for 12 hours. The solution was filtered, evaporated under reduced pressure to afford 
the crude benzyl ester 9. The crude product was dissolved in methanol and an 
aqueous solution of NaOH (2.4 equiv.) was added. The solution was heated at reflux 
overnight and then concentrated under reduced pressure. The mixture was diluted 
with dichloromethane, washed with aqueous hydrochloric acid (1M), brine and water, 
dried over Na2SO4, filtered, concentrated under reduced pressure. The crude product 
was purified by recrystallization from CH2Cl2 / MeOH to yield a white solid 
quantitatively. 1H-NMR (500MHz, CDCl3) δ 7.73-7.70 (m, 2H), 7.50-7.34 (m, 12H), 
6.9 (d, J = 8.4 Hz, 1H), 5.26 (s, 2H), 5.23 (s, 2H) ppm. TLC (ethyl acetate : n-
hexane = 1:2): Rf 0.4. 
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3,4-Bis-benzyloxy-benzoyl chloride (11). 3,4-bis(phenylmethoxy)-benzoic acid 10 
(0.5g, 1.5mmol) was combined with DMF (2 drops, catalytic) and thionyl chloride 
(3.56g, 30mmol). The mixture was heated at reflux for 3 hours, and excess thionyl 
chloride removed under reduced pressure. The crude product was washed with 
benzene (5ml), and removed of solvent under vacuum. The benzoyl chloride was 
then dissolved in dichloromethane and used directly in the next step. 
 
3,4-Bis-benzyloxy-benzoic acid 2-allyl-3,5-bis-benzyloxy-phenyl ester (12). 2-Allyl-
3,5-bis(benzyloxy)phenol 7 (0.26g, 0.74mmol) was dissolved in dichloromethane 
(2ml) and pyridine (2drops) and cooled to 0oC, while stirring under nitrogen. A 
solution of 3,4-Bis-benzyloxy-benzoyl chloride 11 (0.4g, 1.2mmol) in 
dichloromethane was added dropwise over 10 minutes, and then reacted at room 
temperature for one hour. The reaction mixture was diluted with dichloromethane, 
washed with aqueous hydrochloric acid (1M), aqueous sodium hydroxide, brine and 
water, dried over Na2SO4, filtered, concentrated under reduced pressure. The crude 
product was purified by silica column chromatography (dichloromethane) to afford a 
white solid (0.36g, 74%). 1H-NMR (500MHz, CDCl3) δ 7.80-7.78 (m, 2H), 7.48-7.31 
(m, 20H), 7.00 (d, J = 8.4, 1H), 6.53 (d, J = 2.2, 1H), 6.44 (d, J = 2.2, 1H), 5.89-
5.81 (m, 1H), 5.26 (s, 2H), 5.22 (s, 2H), 5.04 (s, 2H), 4.99 (s, 2H), 4.88-4.85 (m, 
2H), 3.30 (d, J = 6.2, 2H) ppm. 13C-NMR (125 MHz, CDCl3) δ 164.5, 158.2, 157.9, 
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153.4, 150.4, 148.4, 136.8, 136.7, 136.6, 136.4, 136.1, 128.6, 128.6, 128.5, 128.5, 
128.1, 128.0, 127.9, 127.8, 127.6, 127.3, 127.2, 127.1, 124.7, 122.1, 115.8, 114.7, 
114.1, 113.2, 100.6, 98.6, 71.1, 70.8, 70.33, 70.3, 28.1 ppm. IR (KBr plate) υ 
3054.0, 2987.0, 2358.9, 1420.0, 1265.0, 896.1, 704.8 cm-1. TLC (ethyl acetate : n-
hexane = 1:4): Rf  0.65. 
 
3,4-Bisbenzyloxy-benzoic acid 3,5-bis-benzyloxy-2-(2-oxo-ethyl)-phenyl ester (13). 
A 15ml round bottomed flask was fitted with a glass tube to admit ozone, a drying 
tube, a rubber stopper, and a magnetic stirring bar and was charged with 12 (1.02g, 
1.54mmol), 10ml of dichloromethane. The reaction mixture was cooled to -78oC 
(acetone-dry ice), and ozone was bubbled through the solution with stirring. Ozone 
addition was stopped when the solution turned blue. Triphenylphosphine (0.4g, 
1.54mmol) was added to quench, the solution was allowed to warm to room 
temperature as it stirred for 30 minutes, then diluted with dichloromethane, washed 
with brine and water, dried over Na2SO4, filtered, concentrated under reduced 
pressure. The crude product was purified by silica column chromatography 
(dichloromethane) to yield a white solid (0.7g, 69%). mp 348oC (decomposed). 1H-
NMR (500MHz, CDCl3) δ 9.58 (s, 1H), 7.76-7.71 (m, 2H), 7.65-7.36 (m, 20H), 6.98 
(d, J = 8.5, 1H), 6.57 (d, J = 2.2, 1H), 6.50 (d, J = 2.2, 1H), 5.26 (s, 2H), 5.23 (s, 
2H), 5.05 (s, 2H), 5.01 (s, 2H), 3.54 (d, J =1.7, 2H) ppm. 13C-NMR (125 MHz, CDCl3) 
δ 199.5, 164.3, 159.4, 158.2, 153.7, 151.1, 148.4, 136.6, 136.3, 136.2, 132.1, 
132.0, 131.9, 128.6, 128.5, 128.2, 128.1, 128.0, 127.9, 127.6, 127.4, 127.2, 127.0, 
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124.8, 121.4, 115.7, 113.2, 107.4, 100.7, 98.5, 71.2, 70.8, 70.5, 70.4, 38.8 ppm. 
IR (KBr plate) υ 3053.6, 2986.4, 2305.2, 1421.6, 1264.9, 895.8, 705.1 cm-1. TLC 
(dichloromethane): Rf 0.5. 
 
3,4-Bis-benzyloxy-benzoic acid 3,5-bis-benzyloxy-2-carboxymethyl-phenyl ester 
(14). To a solution of 13 (0.69, 1.04mmol) in DMF (15ml), tert-butyl alcohol (9 mL), 
2-methyl-2-butene (0.3 mL) was added. To this was added dropwise a solution 
containing sodium chlorite (0.28g, 3.11mmol) and sodium dihydrogen phosphate 
monohydrate (0.43g, 3.11mmol) in water (3 mL). The mixture was stirred at room 
temperature for 2 hours, then diluted with ethyl acetate, washed with brine and 
water, dried over Na2SO4, filtered, concentrated under reduced pressure. The crude 
product was washed with dichloromethane/n-hexane to yield a white solid (0.5g, 
75%). 1H-NMR (500MHz, CDCl3) δ 7.79-7.74 (m, 2H), 7.47-7.39 (m, 20H), 6.97 (d, J 
= 8.5, 1H), 6.54 (d, J = 2.2, 1H), 6.49 (d, J = 2.2, 1H), 5.24 (s, 2H), 5.21 (s, 2H), 
5.06 (s, 2H), 4.99 (s, 2H), 3.59 (s, 2H) ppm. 13C-NMR (125 MHz, CDCl3) δ 164.7, 
159.4, 158.1, 153.7, 150.7, 148.4, 136.8, 136.7, 136.3, 136.2, 128.7, 128.6, 128.5, 
128.2, 128.1, 128.0, 127.9, 127.6, 127.3, 127.2, 127.1, 127.0, 125.0, 121.4, 115.8, 
113.2, 108.6, 100.5, 98.6, 71.1, 70.8, 70.5, 70.3, 29.3 ppm. IR (KBr plate) υ 
3053.9, 2986.7, 2305.2, 1421.8, 1261.5, 895.9, 749.9 cm-1. TLC (ethyl acetate : n-





3,4-Bis-benzyloxy-benzoic acid 3,5-bis-benzyloxy-2-methoxycarbonylmethyl-phenyl 
ester (15). To a solution of 14 (0.12 g, 0.17 mmol) in MeOH (2 mL) was added an 
excess amount of TMSCHN2 (0.18 ml, 0.35 mol) at 0
oC. After being stirred at room 
temperature for 10 min, the reaction mixture was quenched with acetic acid (5 ml) 
on an ice bath, and then concentrated in vacuo. The mixture was diluted with EtOAc 
(10 ml), quenched with saturated aq. NaHCO3 (10 ml) and layers were separated. 
The aqueous layer was extracted three times with EtOAc (3 x 10 ml). The organic 
layers were combined and washed with brine (15 ml) and water (15 ml), dried over 
Na2SO4, then evaporated under reduced pressure to afford a crude product, which 
was purified by silica column chromatography eluted with dichloromethane to yield a 
white solid quantitatively. 1H-NMR (500MHz, CDCl3) δ 7.78-7.76 (m, 2H), 7.48-7.30 
(m, 20H), 6.98 (d, J = 8.5, 1H), 6.53 (d, J = 2.2, 1H), 6.50 (d, J = 2.2, 1H), 5.24 (s, 
2H), 5.21 (s, 2H), 5.04 (s, 2H), 4.98 (s, 2H), 3.58 (s, 2H), 3.51 (s, 3H) ppm. 13C-
NMR (125 MHz, CDCl3) δ 171.7, 164.2, 159.0, 158.0, 153.5, 150.7, 148.4, 136.7, 
136.6, 136.5, 136.4, 128.6, 128.5, 128.5, 128.1, 128.0, 127.9, 127.9, 127.6, 127.4, 
127.2, 127.1, 124.8, 121.8, 121.0, 115.8, 113.2, 109.3, 100.5, 98.4, 71.2, 70.8, 
70.4, 70.3, 51.7, 29.7, 29.4 ppm. IR (KBr plate) υ 3053.8, 2986.9, 1421.7, 1264.9, 
895.8, 739.2 cm-1. TLC (dichloromethane): Rf 0.3. 
149
 
3,4-Dihydroxy-benzoic acid 3,5-dihydroxy-2-methoxycarbonylmethyl-phenyl ester 
(1).3 To a solution of 15 (73mg, 0.11 mmol) in ethyl acetate (2 ml) was added an 
excess amount of 30% Pd/C (75 mg, 0.21 mmol). After two vacuum/H2 cycles to 
replace air inside the reaction tube with hydrogen gas, the mixture was stirred at 
room temperature under ordinary hydrogen pressure (balloon) for 3 hours. The 
reaction mixture was filtered with celite, evaporated under reduced pressure to 
afford a crude product, which was purified by preparative TLC to yield an off-white 
solid quantitatively. 1H-NMR (500MHz, CD3OD) δ 7.58-7.56 (overlapped, 2H), 6.90 
(d, J = 8.1, 1H), 6.30 (s, 1H), 6.19 (s, 1H), 3.58 (s, 3H), 3.53 (s, 2H); 13C-NMR 
(125 MHz, CDCl3) δ 174.4, 166.7, 158.7, 158.4, 152.5, 147.5, 124.7, 119.3, 116.8, 
116.4, 107.2, 102.2, 100.96, 52.3, 29.9; TLC (ethyl acetate:n-hexane = 1:1): Rf 
0.25. 
 
3,4-Dihydroxy-benzoic acid 2-carboxymethyl-3,5-dihydroxy-phenyl ester (2). To a 
solution of 14 (65mg, 0.10mmol) in ethyl acetate (2ml) was added an excess 
amount of 30% Pd/C. After two vacuum/H2 cycles to replace air inside the reaction 
tube with hydrogen, the mixture was stirred at room temperature under ordinary 
hydrogen pressure (balloon) for 2 hours. The reaction mixture was filtered with celite, 
150
evaporated under reduced pressure to afford a crude product, which was purified by 
preparative TLC to yield a greenish solid quantitatively. 1H-NMR (500MHz, CD3OD) δ 
7.49 (s, 1H), 7.47 (s, 1H), 6.76 (d, J = 7.3, 1H), 6.15 (s, 1H), 6.03 (d, J = 1.1, 1H), 
3.30 (s, 2H) ppm. 13C-NMR (125 MHz, CDCl3) δ 178.9, 166.7, 159.1, 158.1, 152.4, 
151.7, 146.3, 124.5, 121.8, 117.9, 116.1, 109.2, 102.3, 102.2, 33.2 ppm. TLC 
(ethyl acetate:n-hexane = 1:1): Rf 0.3.. 
 
3,4-Bis-benzyloxy-benzoic acid 3,5-bis-benzyloxy-2-ethoxycarbonylmethyl-phenyl 
ester (16). To a solution of 14 (0.1g, 0.16mmol) in DMF (3ml), potassium carbonate 
(52mg, 0.38mmol) was added ethyl iodide (37mg, 0.24mmol). The mixture was 
reacted at room temperature for 2 hours, then diluted with ethyl acetate, washed 
brine and water, dried over Na2SO4, filtered, concentrated under reduced pressure. 
The crude product was purified by recrystallization from CH2Cl2 / n-hexane to yield a 
white solid quantitatively. 1H-NMR (500MHz, CDCl3) δ 7.79-7.76 (m, 2H), 7.48-7.29 
(m, 20H), 6.97 (d, J = 8.3, 1H), 6.52 (d, J = 2.2, 1H), 6.50 (d, J = 2.2, 1H), 5.23 (s, 
2H), 5.20 (s, 2H), 5.03 (s, 2H), 4.97 (s, 2H), 3.98 (q, J = 7.1, 2H), 3.58 (s, 2H), 
1.05 (t, J = 7.1, 3H) ppm. 13C-NMR (125 MHz, CDCl3) δ 171.2, 164.1, 158.9, 158.0, 
153.5, 150.7, 148.4, 136.7, 136.6, 136.4, 136.3, 128.6, 128.5, 128.5, 128.4, 128.1, 
128.0, 127.9, 127.8, 127.6, 127.4, 127.1, 127.0, 124.8, 121.8, 115.8, 113.1, 109.3, 
100.5, 98.4, 77.3, 77.0, 76.7, 71.1, 70.7, 70.3, 70.2, 60.5, 29.6, 14.0 ppm. IR (KBr 
plate) υ 3053.9, 2926.5, 2854.4, 1732.0, 1265.2, 739.6 cm-1. TLC (ethyl acetate:n-
hexane = 1:4): Rf 0.6. 
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3,4-Dihydroxy-benzoic acid 2-ethoxycarbonylmethyl-3,5-dihydroxy-phenyl ester 
(17). To a solution of 3,4-Bis-benzyloxy-benzoic acid 3,5-bis-benzyloxy-2-
ethoxycarbonylmethyl-phenyl ester 16 (90mg, 0.13mmol) in ethyl acetate (2ml) was 
added an excess amount of 30% Pd/C. After two vacuum/H2 cycles to replace air 
inside the reaction tube with hydrogen, the mixture was stirred at room temperature 
under ordinary hydrogen pressure (balloon) for 2 hours. The reaction mixture was 
filtered with celite, evaporated under reduced pressure to afford a crude product, 
which was purified by preparative TLC to yield a greenish solid quantitatively. 1H-
NMR (500MHz, CD3OD) δ 7.38 (dd, J = 6.2, 2.0, 1H), 7.34 (d, J = 2.0, 1H), 6.61 (d, 
J = 8.3, 1H), 6.14 (s, 1H), 6.02 (d, J = 2.1, 1H), 3.90 (q, J = 7.1, 2H), 3.37 (s, 2H), 
1.00 (t, J = 7.1, 3H) ppm. 13C-NMR (125 MHz, CDCl3) δ 174.2, 167.1, 159.0, 158.8, 
158.6, 152.6, 148.3, 125.1, 117.3, 116.7, 116.0, 107.1, 102.2, 101.1, 61.9, 30.1, 
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